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© A mobile monitoring device for detecting a fire, 
gas leak, intruder, of other abnormal condition in a 
house or office, and for alerting a central monitor, 
fire station, police station, or an occupant who is 
away from the house or office. The mobile monitor- 
ing device comprises a self-propelled movable robot 
having sensors located thereon; a monitor for receiv- 
ing signals from the robot and alerting an authorized 
user accordingly; an automatic communication con- 
trol unit including a telephone transmitting unit for 
automatically calling an appropriate . party in re- 
sponse to a signal from the robot and for transmit- 
ting commands to the robot from an authorized 
calling party; and an RF remote controller for re- 
motely controlling the robot. The robot is specifically 
capable of navigating throughout a house or office 
while using its sensors to detect abnormal con- 
ditions. In the event that an abnormal condition is 
detected, the robot initiates communications with the 
monitoring means and the automatic communication 
control unit to thereby alert an appropriate party of 
the existing abnormal condition. Commands can be 
provided to the robot either directly through a key- 
board on the robot itself, or remotely by way ot the 



RF remote control means or the automatic commu- 
nication control means. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a mobile moni- 
toring device and, more particularly, to a mobile 
monitoring device in which the presence of an 
abnormal condition, such as a fire or an invader in 
a house or the like, is communicated externally via 
a wired or wireless communication system to a 
central monitoring unit or to an emergency author- 
ity, thereby performing fire protection and crime 
prevention functions. 

Recently, in apartments and single-family 
houses, home security control systems have been 
used which use one or more of a fire alarm, burglar 
alarm, gas leakage alarm, sound detection alarm 
and the like. Such home security control systems, 
however, lose their effectiveness when the occupier 
has gone out, or in collective residences where an 
abnormal condition could arise in any one of the 
individual residences. 

In the event that a fire occurs or that an invader 
is detected, conventional home security control 
systems are designed to automatically inform a 
control room of the abnormal condition. The ap- 
plication of such a system, however, requires a 
number of cables, and as a result, much time and 
labor is required for the associated wiring work. 
Consequently, installation costs become expensive, 
and become especially expensive when installing 
the system in existing construction. In the case of 
collective residences, when the security administra- 
tor is absent for some reason, such as patrol and 
the like, detection of an abnormal condition is de- 
layed and, as a result, the reporting of an abnormal 
condition to police or fire officials is delayed. Fur- 
thermore, there have also been problems asso- 
ciated with notifying an occupant who is away from 
home. In particular, it is impossible for the conven- 
tional system to immediately notify the occupant in 
such a case. 

Likewise, conventional home security control 
systems require that gas detecting sensors be lo- 
cated adjacent the gas pipe lines which are most 
likely to leak, and that invader detecting sensors or 
sound detecting sensors be located at doors or 
windows through which an invader is expected to 
enter the interior of the house. Because conven- 
tional home security systems require the use of 
sensors in a variety of locations, the associated 
wiring work, is excessively complicated and can be 
rather unsightly. An additional problem associated 
with conventional hose security systems relates to 
the wiring itself. In particular, the wiring (or the 
power supply line) can be cut by the invader to 
thereby render the security system inoperable. 

OBJECT AND SUMMARY OF THE INVENTION 



It is, therefore, an object of the present inven- 
tion to solve the aforementioned problems by pro- 
viding a mobile monitoring device having a fire 
alarm, burglar alarm, gas leakage alarm, sound 
5 detecting alarm and the like, which is inexpensive 
to install as well as inexpensive to manufacture. 

Another object of the present invention is to 
provide a mobile monitoring device in which activa- 
tion and deactivation can be executed via a wired 

70 or wireless communication method, and in which a 
condition within the house is reported to a police 
station, fire station or central monitoring unit, as 
well as to the occupant while he/she is away. 

In order to accomplish the above-described 

75 objects, the present invention comprises a remote 
control means for remotely commanding an opera- 
tion from a predetermined distance, and for storing 
a secret code so as not to be controlled except by 
an authorized user; a robot which has sensors for 

20 detecting various abnormal conditions and being 
capable of moving; a monitoring means which, in 
the event that an abnormal condition is detected by 
one or more of the various sensor means arranged 
on the robot, receives a monitor signal transmitted 

25 by the robot; and an automatic communication 
control means which also receives the transmitted 
signal and accordingly reports to a remote central 
monitoring unit or other location. 

The mobile monitoring device structured as 

30 above is impossible to use except by the au- 
thorized user. In the event that an authorized user 
has departed without activating the mobile monitor- 
ing device, the user can still activate the device 
remotely by calling from a telephone. In addition, 

35 the authorized user can carry the monitoring 
means while away so that the user receives a 
calling sound in response to . the detection of an 
abnormal condition within the house. Also, a police 
station, fire station, or an operator of a central 

40 monitoring unit, is simultaneously alerted so that 
countermeasures can be taken rapidly. 

The foregoing and other objects as well as 
advantages of the present invention will become 
clear by way of the following description of the 

45 invention with reference to the accompanying draw- 
ings. 

Throughout the drawings, like reference nu- 
merals and symbols are used for designation of 
like or equivalent parts or portions, for simplicity of 
so illustration and explanation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram illustrating a 
55 preferred embodiment of a mobile monitoring de- 
vice in accordance with the present invention. 

Figures 2(a) and 2(b) are block diagrams of a 
robot in accordance with the present invention. 
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^ Figures 2(c) and 2(d) are flow charts illustrating 
" the operation of the robot and monitoring device in 
accordance with the present invention. 

Figure 3 is a circuit diagram of a keyboard and 
a display unit according to the present invention. 

Figure 4(a) is a sectional view of the robot, for 
indicating the structure of an operating device. 

Figure 4(b) is a cross-sectional view of the 
operating device taken along line l-l of Fig 4(a). 

Figure 4(c) is a longitudinal cross-sectional 
view of the operating device taken along line 11-11 of 
Fig 4(a). 

Figure 5(a) is a driving circuit for forward and 
reverse drive of the robot. 

Figure 5(b) is a driving circuit for a steering 
motor for steering the robot. 

Figure 6(a) is a bottom view of the robot to 
which a faulty underlying (floor) surface detecting 
device is attached. 

Figure 6(b) is a elevational view of the robot 
indicating the structure of the faulty surface detect- 
ing device. 

Figure 6(c) is a perspective view of the faulty 
surface detecting device. 

Figure 6(d) is a side view of Fig 6(b). 

Figure 6(e) is a perspective view of a drop 
sensor of the faulty surface detecting device. 

Figure 6(f) is a functional view of the faulty 
surface detecting device. 

Figure 7(a) is an operating circuit of the faulty 
surface detecting device. 

Figure 7(b) is a flow chart illustrating the op- 
erating sequence of the faulty surface detecting 
device. 

Figure 8(a) is a perspective view of an electro- 
acoustic transducer assembly of the navigation 
system. 

Figure 8(b) is a longitudinal cross-sectional 
view of the transducer assembly taken along the 
line 11-11 of Fig 8(a). 

Figure 9(a) is a block diagram of the navigation 
system to which the transducer is coupled. 

Figure 9(b) is a circuit used in Fig. 9(a). 

Figure 10(a) is a top view of the bottom plate 
member to which a plurality of sensors are moun- 
ted. 

Figure 10(b) is a top view of the grille at the 
upper portion of the bottom plate member. 

Figure 10(c) is a partial elevational view of the 
robot in the state in which the sensors are moun- 
ted. 

Figure 10(d) is a partial back view of the robot 
showing the sensors. 

Figure 1 1 (a) is a perspective view of an ultra* 
sonic sensor according to another embodiment of 
the present invention. 

Figures 11(b) to 11(e) are operating views of 
the ultrasonic sensor according to the embodiment 



of Fig. 11(a), and Figure 11(f) is a block diagram of 
sensor arrangement and control. 

Figure 12(a) is a circuit diagram of an ultra- 
sonic transmitting section. 
5 Figure 12(b) is a circuit diagram of an ultra- 

sonic receiving section for sensing a mobile object. 

Figure 13 is a circuit diagram of an infrared 
sensing portion. 

Figure 14 is a circuit diagram of a sound sens- 
10 ing portion. 

Figure 15 is a circuit diagram of a signal trans- 
mitting and receiving portion. 

Figure 16 is a circuit diagram of a power sup- 
ply portion of the robot. 
75 Figure 17 is a circuit diagram of a power con- 

trol portion of the robot. 

Figure 18 is a circuit diagram of a system reset 
portion. 

Figure 19(a) is a schematic diagram of an 
20 automatic communication control means. 

Figure 19(b) is a block diagram of Fig. 19(a). 

Figure 19(c) is a flow chart illustrating the op- 
erating sequence of an automatic communication 
control means. 

25 Figure 20(a) is a side view of a trespasser 

detecting means according to a preferred embodi- 
ment of the present invention. 

Figure 20(b) is a front elevational view of Fig. 
20(a). 

30 Figure 20(c) is an operational view of the tres- 

passer detecting means. 

Figure 20(d) is a flow chart illustrating an op- 
erating sequence of the trespasser detecting 
means. 

35 Figure 21(a) is a block diagram of an emer- 

gency measure means according to the present 
invention. 

Figure 21(b) to 21(c) are flow charts illustrating 
an operating sequence of the emergency measure 
40 means. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 Hereinafter, preferred embodiments of the 

present invention will be described in detail with 
reference to the accompanying drawings. 

Figure 1 is a schematic diagram illustrating the 
structure of a mobile monitoring device according 

so to a preferred embodiment of the present invention. 

In particular. Figures 1 , 2(a) and 2(d) illustrate a 
R/F remote controller A functioning as a remote 
control means, and a robot R comprising a key- 
board 31 for receiving commands from a user; a 

55 navigation system 60 for emitting ultrasonic waves 
and simultaneously receiving the reflected waves 
for the purpose of detection, the navigation system 
being activated by a user by inputting an oper- 
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ational command through the. keyboard; a main 
caster 9 which is driven by and steered by a 
forward and reverse driving motor 44 and a steer- 
ing motor 45, respectively, in response to an output 
from the navigation system 60; and two sub-casters 
7A and 7B, driven cooperatingly with the main 
caster 9. 

An antenna 4 is provided through which the 
presence or absence of an abnormality within a 
house or office is communicated in response to a 
detection signal from sensors which are arranged 
within the robot R, the sensors being capable of 
detecting the presence or absence of an intruder, 
gas leakage, sound, infrared rays produced by 
ambient temperature, light, or a human body, and 
the like. When an abnormal condition is detected, a 
driving signal is transmitted in accordance with a 
transmission controller 32 to a monitor N which 
receives the transmitted signal and which in turn 
generates an alarm indicative of the existing ab- 
normal condition. 

An automatic communication control means AD 
also receives the transmitted signal from the robot 
R and automatically reports by way of telephone 
the occurrence of an abnormal condition to a user 
who may be away and, simultaneously, to a police 
station, fire station, or central monitoring unit such 
as a security office. Also illustrated in Figure 1 are 
an ultrasonic sensor 29, an infrared sensor means 
34 and a trunk body 8 for the robot R. 

The automatic communication control means 
AD includes a shortened dialing function which 
provides automatic telephone dialing when an ab- 
normal condition is detected within the house or 
office, the abnormal conditions being detected by 
various detecting sensors on the robot R or else- 
where. The automatic communication control 
means AD automatically dials the telephone num- 
ber of a police station, fire station or central moni- 
toring unit such as a control room in response to 
the transmitted signal from, e.g., the antenna 4. In 
addition, the automatic communication control 
means AD contains a telephone receiving function 
which enables an authorized user to remotely ac- 
tivate the robot R by way of a telephone call. 
Although the drawing illustrates a cabled telephone 
system, the telephone system may, of course, be a 
wireless telephone system. 

Next, structure and operation of the robot R will 
be described generally with reference to Figures 2- 
(a) and 2(b). As shown in Figures 2(a) and 2(b), 
there are provided first and second micro-comput- 
ers 10 and 30; a keyboard 31 functioning as a 
primary control means which inputs operational 
commands and stores a secret code, the secret 
code in turn providing access only to authorized 
users; a navigation system 60 which receives a 
signal (or command signal) from the primary con- 



trol means 31 via the two microcomputers 10 and 
30 and which, in order to evaluate ambient space, 
emits an ultrasonic wave forward of its right and left 
sides encompassing an approximately 180° angle 

5 and simultaneously receives a reflected wave; a 
first microcomputer 10 for judging whether or not 
to move in a particular direction when a detected 
signal is input to an input terminal IN2 for determin- 
ing the ambient space via the navigation system 

10 60; a forward and reverse driving motor 44 which, 
in the event that forward or reverse movement is 
judged possible according to a judgment signal 
from the first microcomputer 10, executes forward 
or reverse rotation, respectively, according to an 

75 output signal from a forward and reverse move- 
ment driving circuit 44a which in turn controls for- 
ward and reverse movement in response to an 
output signal from an output port PORT1 of the first 
microcomputer 10; a main caster 9 for moving in 

20 any direction using the driving power of the forward 
and reverse driving motor 44; a pair of subcasters 
7 A and 7B for moving in any direction by cooperat- 
ing with the driving of the main caster 9; right and 
left side drop sensors 46 and 47 which detect the 

25 condition of a floor surface in order to prevent the 
robot R from falling while moving and which, upon 
detecting a stepped or pitted portion of the floor 
surface, terminate forward motion and effect re- 
verse movement for a predetermined distance, the 

30 sensors 46 and 47 being arranged so as to provide 
a signal indicative of a stepped portion to an input 
port PORT3 of the first microcomputer 10; tight 
and left driving condition sensors 48 and 49 for 
detecting the driving condition of the sub-casters 

35 7A and 7B; a steering motor 45 for executing 
forward or reverse rotation according to an output 
signal from a steering driving circuit 45a which 
controls right and left steering according to an 
output signal from an output port PORT2 of the first 

40 microcomputer 10, in response to detected signals 
from right and left drop sensors 46 and 47 and 
right and left driving condition detecting sensors 48 
and 49, all of which input through the input port 
PORT3 of the first microcomputer 10; a speed 

45 detecting sensor 50 for detecting the driving speed; 
and a steering direction detecting sensor 51 for 
detecting a steering angle. The overall driving sys- 
tem of the robot R is made to control the speed 
and steering angle of the forward and reverse driv- 

50 ing motor 44 and steering motor 45, respectively, 
according to the output of each motor driving cir- 
cuit 44a and 45a, while the output signals from the 
speed detecting sensor 50 and steering direction 
detecting sensor 51 are input to an input port 

55 PORT4. 

Further to the aforementioned driving system, 
the robot R of the present invention comprises an 
ultrasonic sensor 29 which emits ultrasonic waves 
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.« and simultaneously receives reflected waves to 
thereby detect movement of material objects 
(including animate objects) and an infrared detect- 
ing sensor 34 which is also capable of receiving 
the infrared rays produced by a human body 
whereby the detection of displacement of material 
objects including persons is achieved; a sound 
detecting sensor 35 which receives power from a 
battery 37 and detects the sound of, e.g., breaking 
glass or the sound of a crying or calling child; and 
a second microcomputer 30 which receives de- 
tected signals from sensors 34 and 35 and, in 
addition, receives detected signals from sensor 39 
for detecting ambient temperature and an ionization 
sensor 40 for detecting fire. The robot R is thereby 
provided with a way of judging whether or not an 
abnormal condition exists within a house or office. 
In the event that an abnormal condition does exist, 
a transmission controller 32 is driven to effect a 
transmission to a monitor M and an automatic 
communication control means AD through the an- 
tenna 4. 

With further reference to Figures 2(a) and 2(b), 
a 15MHz oscillating signal from a crystal oscillator 
41 is applied to an input terminal XTAL2 of the 
second microcomputer 30. In addition, a 15MHz 
oscillating signal from a crystal oscillator 43 is 
applied to an input terminal XTALL of the first 
microcomputer 10. A bus line 75 then provides a 
communications link between the first microcom- 
puter 10 and the second microcomputer 30 where- 
by commands related to conditions or operation of 
the microcomputers 10 and 30 are executed. Also, 
a simulation terminal 57 for testing the operating 
condition of the robot R is connected through a 
buffer 58 to the middle of the bus line 75. 

Next, operation of the mobile monitoring device 
will be described generally with reference to Fig- 
ures 2(a) and 2(b). When a user presses a particu- 
lar key on the keyboard 31 to provide a command 
to the robot R (or does so by remote control), a 
pulse for operating the navigation system 60 is 
output from the output port PORT5 of the first 
microcomputer 10. The pulse drives a driving cir- 
cuit 62 which, in turn, drives a field coil 63 which is 
provided on the sensor, such as shown in FIG. 8(a) 
discussed below. In this way, the field coil 63 is 
indirectly operated by the pulse from output port 5. 
The signal from the field coil 63 is first amplified by 
an amplifier 63a in order to confirm the driven 
condition of the field coil 63, and is then provided 
to an analog input terminal INI of the first micro- 
computer 10 to confirm the positioning of the trans- 
ducer 64. The pulse applied to the coil 63 induces 
a swinging motion on the part of the sensor, which 
is an ultrasonic sensor in this case, as shown for 
example in FIG. 8(a). By pulsing the coil shortly 
after a magnet attached to the rear of the coil has 



passed the coil location, an oscillating motion is 
achieved as discussed in more detail in connection 
with FIG. 8. 

The transducer 64 emits ultrasonic waves gen- 
5 erally forward of the robot R within an approximate 
angle of 180" as it oscillates and simultaneously 
receives reflected ultrasonic waves. The resulting 
signal is then synchronized and amplified by syn- 
chronization amplifier 64a and thereafter filtered of 
70 a noise component by detecting filter 64b. A result- 
ing signal from the filter 64b is then provided to the 
first microcomputer 10 through an input terminal 
IN2. The two signals (the ultrasonic emission and 
the return) are then compared within the first 
75 microcomputer 10 and the comparison is used to 
determine distance to an object, from the relative 
timing of the emission and the reflection. Direction 
of an object can be determined by noting the angle 
of the sensor at the time the pulse was emitted, the 
20 angle being determable from the timing of the 
pulse with respect to the oscillating movement of 
the sensor, a measure of which can be derived 
from the input at port IN1 . 

The navigation system 60 further comprises a 
25 buffer 65 for inputting a frequency of 52KHz from 
an oscillation output terminal OSC OUT of the first 
microcomputer 10 to the transducer 64. A detect- 
ing circuit 66 is then provided for checking whether 
the microcomputer 10 is functioning at all. An out- 
30 put signal from the detecting circuit 66 is intro- 
duced to an input terminal NMI of the first micro- 
computer 10 so that when an abnormal condition is 
detected a step is taken so as to cancel the cause 
of the abnormal operation by resetting and restart- 
35 ing the microcomputer, or alternatively an alarm 
can be executed. Although the above description 
describes a method for operating the robot R by 
having a user press a key on the keyboard 31, it is 
also possible to apply the command to the robot R 
40 by operating, the keyboard of an R/F remote con- 
troller A. Similarly, when the user is away, it is 
possible to operate the robot R by remotely calling 
from a telephone. 

In the R/F remote controller case, a command 
45 signal from the R/F remote controller A is received 
at a receiver 33 of the second microcomputer 30 
and is then amplified at an amplifier 33a and is 
thereafter input to an input port PORT9 thereby 
activating the robot R. 
50 The power supply means 70 of the robot R 

comprises a rectifier 36, a battery 37, and a DC 
power charge level detector 38. AC 100V or AC 
220V power applied to a power input terminal is 
rectified into DC power at the rectifier and then 
55 charges the battery 37. The DC power charging of 
the battery 37 is detected along with its charging 
level by the DC power charge level detector 38. 
The power is also provided to a reset terminal and 
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an input terminal IN3 of the first microcomputer 10, 
as well as an input port PORT11 of the second 
microcomputer 30 thereby providing the operating 
power supply of the robot R. On the other hand, 
when the detector 38 detects a charge level which 
is less than a predetermined level, moving of the 
robot R is stopped and only various detecting 
sensors and memory functions of the first and 
second microcomputers 10 and 30 are executed. 

Next, the overall operating sequence of the 
mobile monitoring device will be described in detail 
with reference to the flow charts shown in Figures 
2(c) and 2(d). Each block S1-S23 in Figures 2(c) 
and 2(d) represents a step. As shown in the draw- 
ings, after charging the battery 37 to a predeter- 
mined level, when the keyboard 31 is operated 
directly in the interior of the house or office, or 
when activation is remotely achieved by telephone 
while the user is away, the mobile monitoring unit 
is rendered operative. A command signal is input 
into a command input port PORT7 in Figure l(b), or 
in the case of remote control, input port PORT9, of 
the second microcomputer 30. The crystal oscilla- 
tor 41 is then oscillated with a frequency of 15MHz 
which is, in turn, provided to the second microcom- 
puter 30. Simultaneously, the crystal oscillator 43 is 
oscillated with a frequency of 15MHz, this fre- 
quency being provided to the first microcomputer 
10. Next, the robot R is initialized whereby it is 
made capable of operating at step SI. The com- 
mand signal is then input through the bus line 75 to 
the first microcomputer 10 whereby it displays an 
indication on a display means 42 indicating that the 
robot R is in a normal condition, and at the same 
time proceeds to step S2 during which the naviga- 
tion system 60 in Figure 8(a) et. seq. is driven. 

In particular, a signal for driving the field coil 
driving circuit 62 is output from the output port 
PORTS of the first microcomputer 10 thereby driv- 
ing the field coil 63, which will caue the transducer 
unit to begin to oscillate back and forth. The output 
signal resulting from driving the field coil 63 is 
amplified at the amplifier 63a and an output which 
is used to detect the location of the electro-acous- 
tic transducer 64 in its oscillating locus is input to 
the analog input terminal IN1 of the first microcom- 
puter 10. With the driving of field coil 63, the 
transducer means 64 is driven alternatingly in for- 
ward and reverse directions. In addition, an oscilla- 
tion frequency of 52KHz is input from the oscilla- 
tion output terminal OSC OUT of the first micro- 
computer 10 through the buffer 65 to the trans- 
ducer means 64. An ultrasonic wave is thereby 
emitted from the transducer means 64 and its 
reflection is received by the transducer means 64. 
The emitted ultrasonic wave and its reflection are 
amplified together at the synchronization amplifier 
64a for synchronizing and amplifying and then the 



noise component is filtered at the detecting filter 
64b. Thereafter, the resulting signal is input to the 
analog input terminal 1N2 of the first microcomputer 
10. 

s Proceeding to step S3, the above signals and 

that at IN1 are compared and analyzed within the 
first microcomputer 10 whereby distance and direc- 
tion to an object are determined. Then, proceeding 
to step S4, the forward and reverse driving motor 

io 44 and the steering motor 45 are driven in re- 
sponse to a determination of the moving distance 
and direction whereby the robot R is driven. While 
the robot R is moving, the right and left drop 
sensors 46 and 47, the driving condition detecting 

75 sensors 48 and 49, speed detecting sensor 50, and 
the steering direction detecting sensor 51 are all 
being operated. 

Next, proceeding to step S5, a determination is 
made as to whether one of the drop sensors 45 or 

20 47 has been activated. For example, when the left 
drop sensor 46 is activated (illustrated in Figure 3a 
as YES), the output signal of this left drop sensor 
46 is input to the input terminal PORT3 of the first 
microcomputer 10, and thereby causes output to 

25 the output port PORT1 of a signal which stops the 
rotation of the forward and reverse driving motor 
44. At step S22, the forward and reverse driving 
motor 44 is stopped, and accordingly, driving of 
the main caster 9 and the right and left sub-casters 

30 7A and 7B, which cooperate with the main caster 9, 
is stopped. Proceeding to step S23, the forward 
and reverse driving motor 44 is reversely rotated 
momentarily to provide backward movement for a 
predetermined distance, after which a return is 

35 made to step S3. 

On the other hand, when a drop sensor is not 
activated during step S5, by proceeding to step S6, 
a determination is made as to whether one of the 
sub-casters 7A or 7B are being operated by 

40 cooperation with the main caster 9. When one or 
both of the sub-casters 7A or 7B are not operating, 
step S22 is performed as described above. Other- 
wise, when sub-casters 7A and 7B are being prop- 
erly driven, the flow proceeds to step S7, such that 

45 the forward and reverse driving motor 44 maintains 
the forward movement of the robot R. Next, a 
determination is made, during step S8, as to 
whether any obstacles have been found by the 
navigation system 60. In the event that an obstacle 

so has been found, a signal indicative of such a find is 
provided to the input port PORT3 of the first micro- 
computer 10. The microcomputer 10 subsequently 
terminates the driving of the main caster 9 and the 
sub-casters 7A and 7B. Then, as part of step S9, 

55 the steering motor 45 is driven, thereby shifting the 
direction of the robot R. Next, as part of step S10, 
straight movement is achieved in the new direction 
by a distance set by the navigation system 60. 
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-w Then, in step S11, the robot R stops at a location 
where an intruder, fire, sound, ambient temperature 
and the like, are easily detected. 

If no obstacle has been found at step S8, then 
step S10 is performed, along with operations sub- 
sequent to step S10. 

Thereafter, while the robot R is stopped, step 
S13 of Figure 2(d) is performed by emitting a8n 
ultrasonic wave from sensor 29 and then receiving 
its reflection as well as by receiving infrared rays 
such as are produced by a human body. In this 
manner, the detection an intruder and movement 
thereof is achieved using the ultrasonic sensor 29 
and the infrared detecting sensor 34. Then, pro- 
ceeding to step S14, a determination is made as to 
whether or not there is an intruder present. When 
not, a return is made to step S13, and the oper- 
ations subsequent to step S13 are repeated. If so, 
step S15 is executed by outputting a signal from 
the second microcomputer 30 thereby driving the 
transmission controller 32 which, in turn, transmits 
a signal through the antenna 4, which signal drives 
the monitor M and the automatic telephone trans- 
mitting means AD. Next, as part of step S16. since 
the monitor M and the automatic telephone trans- 
mitting means AD are simultaneously driven by the 
transmitted signal, an authorized user carrying the 
monitor M who happens to be away is alerted 
simultaneously with an automatically dialed police 
station, fire station or central monitoring unit such 
as a control room, to the fact that an abnormal 
condition has arisen within the interior of the house 
or office. Accordingly, the operation cycle of the 
mobile monitoring device is terminated. 

On the other hand, if a relatively loud sound is 
detected during sound detection at step S12 of 
Figure 2(d), an analog output signal is input 
through the input terminal IN4 of the second micro- 
computer 30. Then step S15 is executed, as well 
as the steps subsequent to step S15 as mentioned 
above. In the case of having not detected any 
sound, the end step is executed whereby the op- 
erating cycle of the mobile monitoring device is 
terminated. 

Also, , during step S17, if there is no sudden 
temperature change, while discriminating whether 
or not there is an ambient temperature change, 
step Si 8 is executed. During step Si 8, a deter- 
mination is made of whether or not ionization has 
been detected. If so, that is, if smoke particles are 
lound thereby indicating that an outbreak of fire 
has been detected, a signal is input through the 
input terminal IN3 of the second microcomputer 30. 
Then, by proceeding to step S15, step Si 5 is 
executed as well as steps subsequent to step S15 
as mentioned above. If there is no detection at step 
S18, the end step is executed, thereby terminating 
the operation cycle of the mobile monitoring de- 



vice. On the other hand, in the event that the 
ambient temperature detecting sensor 39 has de- 
tected a sudden ambient temperature change at 
step S17, a signal is input through the input port 

5 IN3 of the second microcomputer 30. Then the 
step S15, as well as subsequent steps thereto, are 
executed as mentioned above. 

In the textual description of the flow charts 
illustrated in Figures 2(c) and 2(d), the left drop 

io sensor 46 and the left driving condition detecting 
sensor 48 are used to exemplify step S5 and step 
S6. Because it is well understood that the right 
drop sensor 47 and the right driving condition 
detecting sensor 49 operate in the same manner as 

75 their left side counterparts, a specific example uti- 
lizing the right-side components has been omitted. 

Next, the configuration of the robot systems 
will be described in detail, with a preferred embodi- 
ment. 

20 Fig. 3 shows the configuration of the keyboard 

31 and the display unit 42. The keyboard 31 in- 
cludes 10 keys each having an inherent function 
appropriately allocated in accordance with the 
present invention. The display unit 42 includes a 

25 plurality of display means, for example. LEDs and 
so forth, for displaying specified functions selected 
by using certain keys on the keyboard 31 and for 
displaying a battery-charge operation which will be 
described later. 

30 More particularly, as shown in Fig. 3, the key- 

board 31 and display unit 42. include a ring counter 
CT1 which outputs signals sequentially shifted ac- 
cording to the clock signal supplied through the 
clock signal input terminal KEYO. The ring counter 

35 CT1 connects at output terminals QO to Q4 to the 
corresponding bases of transistors TR1 to TR5 via 
a plurality of inverters IN1 to IN5 which form a 
current driving circuit and a plurality of resistors R1 
to R5. The transistors TR1 to TR5 each have 
40 emitters connected to the 12V power supply and 
collectors connected to corresponding ends of the 
LEDs in the display unit 42, respectively. That is, 
the transistor TR1 has a collector connected to one 
end of delay-function display LED D5 and one end 
45 of disarm-function display LED D10, and the tran- 
sistor TR2 has a collector connected to one end of 
temporary secret-code ID-function display LED D4 
and one end of roam-function display LED D9. 
Also, the transistor TR3 is connected at its collector 
so to one end of ID-function display LED D3, one end 
of guard-function display LED D8 and one end of 
battery charge-function display LED D13, and the 
transistor TR4- is connected at its collector to one 
end of alert-function display LED D2. an end of 
55 last-function display LED D7 and one end of fire 
alarm-function display LED D12. The transistor TR5 
has a collector connected to one end of monitor- 
function display LED Dl, an end of slow-function 
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display LED D6 and one end of burglar or intruder 
watching-function display LED Dll. 

Moreover, the ring counter CT1 has output 
terminals Q5 to Q9 each connected to a corre- 
sponding key of the keyboard 31 through reverse- 
current preventing diodes D14 to D18. More par- 
ticularly, the ring counter CT1 is connected at its 
output terminal Q5 to one end of delay function key 
SI and one end of disarm key S6, and is connected 
at its output terminal Q6 to one end of temporary 
secret-code ID-function key S2, and one end of 
roam function key S7. The counter CT1 is con- 
nected at its output terminal Q7 to one end of ID- 
function key S3 capable of selecting between pow- 
er ON/OFF, secret code input or numeral input 
functions and one end of guard function key S8. It 
is also connected at output terminal Q8 to one end 
of alert function key S4 and one end of fast func- 
tion key S9. Also, the counter CT1 is connected at 
its terminal Q9 to one end of monitor key S5 and 
one end of slow function key S10. 

In addition, a function-selecting key KEY1, not 
shown, which is provided on the robot system is 
connected to other ends of the function keys S5, 
S4, S3, S2, SI and S6 and to other ends of the 
LEDs Dl, D2. D3, D4 and D5 through an inverter 
IN6 and a resistor R6. A function-selecting key 
KEY2 is connected to other ends of the function 
keys S10, S9, S8 and S7 and to other ends of the 
LEDs D6, D7, D8, D9 and D10 through an inverter 
IN7 and a resistor R7. Also, a function selecting 
key KEY3 is connected to other ends of the LEDs 
Dll, D12 and D13 through Darlington-connected 
transistors TR6 and TR7 via a resistor R9 and one 
end of a resistor R10, the other end of which is 
connected to output terminal QO of the counter 
CT1. Herein, if any one of the function selecting 
keys KEY1 to KEY3 is selected by the user, the 
selected function-selecting key is depressed and 
grounded in potential level for a predetermined 
time. Accordingly, it is possible that the function 
key and display LED, connected with the selected 
function selecting key, are energized correspond- 
ingly. With the configuration as described above, 
since certain function keys and display LEDs are 
operated correspondingly by selecting the function 
selecting key KEY1, KEY2 or KEY3, the keyboard 
31 and the display unit can be constructed gen- 
erally simply. . 

In the keyboard 31 and display unit 42 of the 
present invention, constructed as described above, 
if the clock signal is inputted from the microcom- 
puter 30 to the clock input terminal of the counter 
CT1 through the clock terminal KEYO, the counter 
CT1 produces sequentially shifted output signals 
on the basis of the clock signal. Under this con- 
dition, if the function-selecting key KEY1 and the 
function key S5 are pressed selectively in order to 



select the monitor function, a high-level signal is 
supplied to an input terminal Pal of the microcom- 
puter 30 for a connection time of the function key 
S5. Accordingly, the microcomputer 30 determines 
5 that the monitor function has been selected, and 
performs control in order to perform the monitoring 
function of the robot system. When the connected 
condition of the function key S5 is released, a high- 
level signal is supplied to an input terminal of the 

70 inverter IN6, and the inverter 1N6 outputs a low 
level signal. At this time, a high level signal is 
supplied from the output terminal Q4 of the ring 
counter CT1 to the inverter IN5, and the inverter 
IN5 outputs a signal of low level. As a result, the 

75 transistor TR5 is rendered conductive and thereby 
the monitor function display LED Dl is lighted to 
indicate selection of the monitor function. Similarly, 
other function-selecting keys and function keys are 
selected in the same manner. 

20 The aforementioned functions of the robot sys- 

tem mentioned above will be described. First, the 
delay function causes carrying out of another se- 
lected function after a certain delay time, i.e., when 
the fast, slow or guard function has been selected. 

25 The monitor function is a function for alerting the 
user to the cry of a baby, or for performing other 
call-functions. The alert function generates a sound 
signal when a human body or obstacle is sensed. 
The roam function carries out roaming of the robot 

30 system without performing any watching-function. 
The fast function causes the robot system to move 
quickly to look out, and the slow function causes 
the robot system to move slowly to look out. The 
ID function is a function capable of turning ON or 

35 OFF the power supply, inputting the secret code 
and using the 10 keys as numeral input keys. The 
disarm function releases the watching function of 
the robot and the temporary ID function allows 
input of a temporary secret code in an abnormal 

40 state of the robot system to carry out a desired 
function. Finally, the guard function is the standard 
setting for carrying out the watching function while 
the robot system is stationary. 

The robot according to the present invention is 

45 constructed with an operating system for watching 
and searching a location requiring a guard, patrol- 
ling a guarded area using the driving power of the 
operating system. The operating system has a 
driving means for transporting the device, the driv- 

50 ing means including a driving member which is 
connected to a driving motor through a speed 
changing member and turning freely in normal or 
reverse directions. 

The driving means may change its running 

55 direction by means of a steering means. 

The steering means includes a rotary disc 
member supporting the driving means, and the 
rotary disc member is provided at the bottom of 
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, w the device so as to be able to turn freely in right or 
left directions while connected so as to be moved 
by a steering motor and a speed changing mem- 
ber. The steering means is made to execute its 
steering function by at least one or more steering 
control members, and hence the robot is freely 
moved within the guarded location to patrol and 
search the area. 

A preferred embodiment of the operating de- 
vice will now be described in detail with reference 
to the accompanying drawings. 

FIG. 4(a) shows a robot provided with an op- 
erating system according to the present invention, 
the robot having a trunk body 8 of semispherical 
shape. 

The trunk body 8 includes a bottom plate 
member 1 1 made of a circular plate, and an upper 
member 12 assembled as an releasable fitting on 
the bottom plate member 1 1 . 

The trunk body 8 includes therein at least one 
or more sensor means for sensing or searching for 
a trespasser, gas leakage or sound generating 
source, and also one or more microcomputers 
(discussed above) contained therein which receive 
the signals from the sensors to thereby produce a 
warning signal. A mico also receives the signals 
inputted from an obstacle sensing means 
(navigation unit) provided at the front and rear of 
the robot to thereby allow the robot to steer clear 
of obstacles. 

FIG. 4(a) illustrates an embodiment of a 
mechanism capable of providing the drive operat- 
ing system. The drive operating system is shown in 
detail in FIGS. 4(b) and (c) and includes a driving 
means 200, steering means 201, and steering con- 
trol member 202. 

The driving means 200 includes a driving mo- 
tor 210 and a driving member 220 of roller form, 
between which a speed changing member 230 is 
interposed whereby the driving power of the motor 
is speed-reduced and transferred to the driving 
means 220. 

The driving means 200 is mounted on the 
steering means 201 which will be described 
hereinafter, and the driving member 220 is moun- 
ted integrally with a shaft 221 which is transversely 
mounted on the steering means 201. The top of the 
driving member 220 is covered by a cover 240, 
and the driving means is fixed by a fixing member 
250 at an upper portion of a side surface of cover 
240. The driving motor is mounted so as to be 
slightly inclined with a predetermined gradient. 

The speed changing member 230 includes a 
worm 231 provided at the driving motor side, a 
worm gear 232 and a spur gear 233, which reduce 
the driving speed of the driving motor by an appro- 
priate ratio. 

The worm gear 232 is also rotatably mounted 
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to a shaft 260 which is transversely mounted be- 
tween the cover 240 and the fixing member 250, 
and a spur gear 233 is meshed with said worm 
gear 232 and also it is integrally mounted to a shaft 

5 221 which is fixed to the driving member 220. 

On the other hand, the steering means 201 
includes a rotary disc member 270 of circular plate 
form mounting the driving means 200. The rotary 
disc member 270 is assembled by inserting it from 

10 the bottom of the plate member 11. Rolling bearing 
members 286 are interposed between the rotary 
disc member 270 and the bottom plate member 1 1 
so that . the rotary disc member 270 executes 
smooth and free rotation. 

75 On the rotary disc member 270, there is pro- 

vided a peripheral wall portion 271 extending up- 
wardly, the peripheral wall portion 271 passing over 
the bottom plate member 11 and protruding into 
the interior of trunk body 8. A sun gear 272 of ring 

20 shape is inserted outside the top end of the periph- 
eral wall portion 271. The sun gear 272 acts as a 
base for setting and holding of the rotary disc 
member 270 to the bottom member 11, and coop- 
erates with speed changing member 290 and 

25 steering motor 280 which rotates in normal or re- 
verse direction according to a signal input from 
steering control member 202. 

The steering motor 280 is fixed by member 
260 at an appropriate location outside the circum- 

30 ference of the rotary disc member 270 at a position 
adjoining the rotary disc member as far as possi- 
ble. The speed changing member 290 includes a 
worm 291 mounted on a shaft of the steering motor 
280 and a worm gear 292 meshed with the worm 

35 291. Worm gear 292 is rotatably fixed to a shaft 
300 which is mounted vertically between the bot- 
tom plate member 1 1 and the member 260. 

The worm gear 292 is meshed with the sun 
gear 272 of the rotary disc member 270 to transfer 

40 the driving power transferred from the steering 
motor to the rotary disc member. 

The steering control member 202 is construct- 
ed with a magnetic member 215 fixed at an appro- 
priate position of the gear 272 of the rotary disc 

45 member 270, and at least three or more steering 
direction detecting sensors 251. The magnetic 
member 215 is fixed in a direction perpendicular to 
the gear 272, and the steering sensors 251 are 
fixed around the gear 272 as to maintain the same 

50 distance interval with the set distance of the mag- 
netic member. That is, they are fixed assuming the 
advancing (forward) direction of the trunk body 8, 
and are provided at the front of the trunk body 8 
and at both right and left sides. 

55 Operation will be explained with reference to 

Figs. 4(b) and 4(c). 

When a starting signal is given, the micom 10 
contained within the trunk body 8 is provided with 

9 
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an initial starting signal, and at trie same time, the 
micom 10 drives the driving motor 210, and the 
driving power of said driving motor is transferred to 
the driving member 220 through the speed chang- 
ing member 230 to thereby drive the trunk body 8. 
At this moment, the operation is made to be in a 
front running direction. Also, at this moment, the 
direction of the driving member 220 will be main- 
tained unchanged, i.e., the position which had been 
left at the previous stopped state. 

When the robot receives an obstacle detection 
signal from the obstacle sensor means 60 while 
moving in the forward direction, the micom 10 
receives this detected signal and at the same time, 
outputs a driving signal to the steering motor 280 
of the steering means 201 to thereby perform 
steering. The direction will be adjusted to a direc- 
tion avoiding the obstruction recognized above. 

In more detail, the micom 10 selects the side 
where no obstacle is sensed when an obstacle is 
detected in one direction, and causes the steering 
motor 280 to be turned to said selected direction. 
At the same time, the rotary disc member 270 is 
turned in the desired direction. 

When the rotary disc member 270 is turned by 
a predetermined angle to reach a predetermined 
direction, the steering control member 202 detects 
the steering state, and finishes the steering opera- 
tion of the steering motor 280 according to the 
detected signal to thereby come to steer the trunk 
body 8 to a desired direction. Thus, the robot is 
made to patrol continuously within the guarded 
area. 

Next will be described the circuit for driving the 
operating unit. 

Referring to Fig. 5 (a), there is shown the 
motor driving circuit according to the present in- 
vention, which comprises a motor forward-rotation 
control portion 1 for rotating a motor forwardly, a 
motor reverse-rotation control portion 2 for rotating 
the motor reversely and a rotational direction set- 
ting portion 3 for setting the rotational direction of 
the motor. 

The motor forward-rotation control portion 1 
includes a first transistor TR11 having a base con- 
nected to receive a motor forward-rotation control 
signal supplied from an output terminal MTRF of 
the microcomputer 10, and an emitter connected to 
ground. Second and third transistors TR9 and 
TRIO each have a base commonly connected to a 
collector of the transistor TR11 through a resistor 
R1 0 and an emitter connected to the power supply 
of 24V, respectively. 

The motor reverse-rotation control portion 2 
includes a fourth transistor TR3 having a collector 
connected to receive a motor reverse-rotation sig- 
nal from output terminal MTRR of the microcom- 
puter 10 and a base connected to the output termi- 



nal MTRF; a fifth transistor TR2 having a base 
connected to a collector of the transistor TR3 and 
an emitter connected to the emitter of the transistor 
TR3; and sixth and seventh transistors TR1 and 
5 TR4 each having a commonly connected base 
connected to a collector of the transistor TR2 and 
an emitter connected to the power supply 24V. 

The rotational direction setting portion 3 in- 
cludes a first MOSFET MT1 having a gate, com- 

70 monly connected with a its source through a resis- 
tor R6, connected to the collector of the transistor 
TR4; a second MOSFET MT2 having a gate con- 
nected to the collector side of the transistor TR10, 
a drain connected to the source of the MOSFET 

75 MT1 and a source connected to ground; a first 
inductor L1 having an end connected to a node 
between the source and drain of the first and 
second MOSFETs MT1 and MT2 and its other end 
connected to a terminal n - " of the motor thereby 

20 delaying the rotational speed of the motor; a third 
MOSFET MT3 having a gate commonly connected 
with its source through a resistor R7 and connected 
to the collector side of the transistor TR9; a fourth 
MOSFET MT4 having a drain connected to a 

25 source of the MOSFET MT3, a gate connected to 
the collector side of the transistor TR1 and a 
source connected to ground; and a second inductor 
L2 having an end connected to a node between the 
source and drain of the third and fourth MOSFETs 

30 MT3 and MT4 and its other end connected to a 
terminal " + " of the motor. 

With such a construction, when the robot sys- 
tem moves forwardly and carries out the watching 
or roam function, an output signal of high level is 

35 outputted from the forward rotating control signal 
output terminal MTRF of the microcomputer 10 to 
the transistors TR3 and TR11 so that these transis- 
tors are rendered conductive. Accordingly, the 
bases of the transistors TR9 and TR10 are de- 

40 creased in potential to thereby render the transis- 
tors TR9 and TR10 conductive. As a result, the 
MOSFET MT3 connected to the collector side of 
the transistor TR9 is rendered conductive and the 
. MOSFET MT2 is also rendered conductive. There- 

45 fore, a current flows via a current loop which is 
formed by the circuit: 24V power (BAT) voltage - 
MOSFET MT3 - inductor 12 - motor( + )terminal - 
inductor LI - MOSFET MT2 - ground. Thus, the 
motor rotates forwardly so that the robot system 

so moves forwardly. In this case, the forward moving 
speed is monitored by checking the output current 
of the inductor LI. Alternatively, with the motor 
being pulsed on and off to control speed, during 
the off-times the analog value at port MTRS (motor 

55 sense) will be inversely proportional to the motor 
speed. 

If an obstacle is sensed by the ultrasonic sen- 
sor in forward movement, an output signal of high 

10 
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level is outputted from the reverse rotating control 
signal output terminal MTRR of the microcomputer 
10 to the transistor TR2, thereby the transistor TR2 
is rendered conductive and the transistors TR1 and 
TR4 are also rendered conductive. Thus, the MOS- 
FET MT1 is rendered conductive and the MOSFET 
MT4 is also rendered conductive. As a result, a 
current flows via a current loop which is formed by 
the power supply - MOSFET MT1 - inductor L1 - 
motor(-)terminal - MOSFET MT4 -inductor L2 - 
ground, so that the motor rotates reversely and the 
robot system moves backwardly. 

Next, a direction changing control circuit for 
changing the moving direction of the robot system 
will be described below with reference to Fig. 5(b). 

As shown in Fig. 5(b), the direction changing 
control circuit includes a right direction changing 
portion 1 which comprises a switching transistor 
TR12 having a collector connected to a right direc- 
tion changing signal output terminal MR of the 
microcomputer 10 and a base connected to a left 
direction changing signal output terminal ML, a first 
transistor TR13 having a base connected to the 
collector side of the transistor TR12 and an emitter 
connected to ground, and a second transistor TR14 
having a base connected to a node between resis- 
tors R15, R16 connected to the collector of the 
transistor TR13 and an emitter connected to the 
24V power supply; a left direction changing portion 
2 which comprises a third transistor TR20 having a 
base connected to a left direction changing signal 
output terminal ML of the microcomputer 10 and an 
emitter connected to ground, and a fourth transistor 
TR17 having a base connected to a node between 
resistors R24, R21 connected to the collector of the 
transistor TR20 and an emitter connected to the 
power supply; and a direction setting portion 3 
which comprises a first MOSFET M16 having a 
gate connected to a source thereof through a resis- 
tor R20 and to the collector of the transistor TR14 
through a resistor R18, and a drain connected to 
the 24V power supply, at BAT. A second MOSFET 
M18 has a gate connected with a source thereof 
through a resistor R25 and connected to the collec- 
tor of the transistor TR17 through a resistor R24, 
and a drain connected to the 24V power supply; 
third and fourth MOSFETs M15 and M17 each 
have a gate connected to the collector of the 
transistors TR14 and TR17 respectively, a drain 
connected to the sources of the MOSFETs Ml 6, 
Mi 8 and a source connected to ground, respec- 
tively; an inductor L5 has an end connected to the 
source side of the MOSFET Ml 6 and its other end 
connected to a positive terminal " + " of the 
motor, and an inductor L6 has an end connected to 
the source of the MOSFET MT18 and its other end 
connected to a negative terminal " - " of the motor. 

With such a construction, if an obstacle is 



sensed during operation of the robot system, an 
output signal is supplied from the right or left 
direction changing control signal output terminal Ml 
or MR of the microcomputer 10. If the terminal ML 

5 outputs a signal of high level, indicative of an 
obstacle to the riight, the transistor TR12 is ren- 
dered conductive and the transistor TR20 is also 
rendered conductive. As a result, the base of the 
transistor TR17 is decreased in potential so that 

70 this transistor is also rendered conductive and 
thereby the MOSFETs MT15 and MT18 are ren- 
dered conductive. Accordingly, a current flows 
through a current loop which is formed by the 
battery BAT(24V) - MOSFET M18 - inductor L6 - 

75 motor(-)terminal - inductor L5 - MOSFET M15. 
Therefore, the motor rotates so that the robot sys- 
tem is turned . to the left. 

Alternatively, if the output terminal MR outputs 
the high level signal indicative of an obstacle to the 

20 left, the transistor TR13 is rendered conductive and 
then the transistor TR14 is rendered conductive, 
whereby the MOSFETs M16 are M17 are also 
rendered conductive. As a result, a current flows 
through a current loop which is formed by the 

25 battery BAT(24V) - MOSFET M16 - inductor L5 - 
motor( + )terminal - inductor L6 - MOSFET M17, so 
that the motor rotates in a reverse direction, thus, 
the robot system turns to the right. 

Next, a faulty surface detecting device moun- 

30 ted to the bottom plate member 11 of the robot in 
order to prevent the robot being overturned at a 
non-planar location of a driving surface will be 
explained. 

The detecting device for obtaining the above 

35 object is constructed as in Fig. 6 with balls ar- 
ranged at the right and left front portions of the 
mobile robot. Levers are provided with a ball at one 
end and a magnet at the other respectively. A 
sensor is provided for sensing the state of the 

ao rolling surface in response to a location change of 
either of the two balls. A right side surface detect- 
ing means judges the condition of a right side 
surface in accordance with the surface state sens- 
ing of the right-hand sensor, and a left side surface 

45 detecting means judges the condition at the left 
side surface in accordance with the sensing of the 
left-hand sensor. Levers are arranged on the bot- 
tom plate member 11 of the trunk body 8 by hinge 
pins 311 respectively, and the sensors are moun- 

so "ted on the bottom plate member 11 and confront a 
magnet which is mounted to the other end of the 
lever. 

Hereinafter, a preferred embodiment of the 
faulty surface detecting device will be described in 
55 detail wilh reference to the accompanying draw- 
ings. 

FIG. 6(a)(b)(c)(d) are structural diagrams sche- 
matically showing the surface detecting device of 
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the mobile robot according to the present invention. 
FIGS. 6(a) and (b) show an operating state of the 
device, FIG. 7(a) is a circuit for driving the device, 
and FIG. 7(b) is a flow chart illustrating the oper- 
ational sequence. 

As shown in FIG. 6(a), (b), (c) and (d), on the 
bottom plate member 11 of the robot of substan- 
tially circular shape, there are arranged two driving 
wheels 310 confronting each other around the plate 
center. Two levers 320 are arranged on the bottom 
plate member 11 between the two driving wheels 
310 so as to be able to move up and down, 
respectively. On each of the levers 320, the middle 
portion is bent at a predetermined angle, and hinge 
pins 311 are fixed at both ends of edges of the 
bent portion. At the front end of the lever 320, there 
is rotatably provided a ball 330 having a diameter 
which is substantially the same as the width of said 
each hinge pin 31 1 . Accordingly, when the mobile 
robot advances in the arrow A direction, when it 
reaches a stair portion or a drop off of the floor 
whereby at least one of the right and left balls 330 
falls, such stair portion, drop off or pitted portion of 
the surface is detected by a Ha!l element cell 
which will be described hereinafter. The robot 
moves backward for a moment under the control of 
micom 10, turns by 90" to the right or left, and 
thereafter operates so as to execute normal opera- 
tion. 

Next, this will be described with respect to the 
mechanical operation of the faulty surface detect- 
ing device of the mobile robot according to the 
present invention with reference to the FIG. 6(a) to 
6(f). 

As shown in FIG. 6(e) and (f), the drop sensors 
46, 47 each include a permanent magnet 341 of 
bar shape having an N-pole and S-pole, and a Hall 
element cell 343 having a Hall element chip 342 
which can be arranged on the horizontal axis of the 
permanent magnet 341 . 

The permanent magnet 341 is made to operate 
in such a manner that the other end portion of the 
lever 320 with the permanent magnet therein 
leaves or approaches the Hall element chip 342 
according to the action of the ball 330 which is 
attached to the first end portion of the lever 320 as 
shown in FIG. 6(f), and cooperatively moves in 
response to the movement of the mobile robot, so 
that a stair portion or pitted area of the underlying 
surface can be detected according to the electrical 
signal generated by the Hall element chip 342. 
That is, in FIG. 6(f), when the mobile robot of the 
present invention normally advances on a flat sur- 
face, the left side ball 330 and the lever 320 
maintain a position as shown in solid line. However, 
when a stair or other drop off occurs on the left 
side of the road surface, the left side ball 330 falls 
down at the stair or other drop off and thereby the 



position of the left side ball 330 and the lever 320 
are displaced as shown by the one dotted chain 
line. 

At the stair or drop off, the source of the 
s magnetic field (the permanent magnet 341 at- 
tached to the top end portion of the lever) ap- 
proaches the Hall element cell 343 attached to 
bracket 344 and the change in field strength is 
detected via Hall element cell 343, so that the 

70 advancing movement of the robot is stopped. The 
next operation (reversing the robot) is controlled by 
micom 10, as described hereinafter. 

FIG. 7(a) shows the driving circuit of the sur- 
face detecting device. It is comprised of a power 

76 supply 350 which employs a rechargeable battery 
351 and has a power supply switch 352. Micom 10 
is supplied by the power supply and controls the 
normal operation of the mobile robot, and runs the 
program for detecting the faulty surface. A steering 

20 driver 201 (FIG. 4b) shifts the moving direction of 
the mobile robot according to the control of the 
micom 10; a forward or backward movement driv- 
ing means 200 operates the mobile robot forward 
or backward according to the program of the mic- 

25 om 10. The right side surface detecting section 354 
detects a bad condition (stair, etc.) at the right side 
underlying surface under the control of said micom 
10, and a left side surface detecting section 355 
detects the condition of the left side surface under 

30 the control of micom 10. 

According to the faulty surface detecting de- 
vice thus constructed, when firstly the power sup- 
ply switch 352 of the power supply means 350 is 
turned ON in order to. operate the mobile robot, a 

35 direct current power supply Vcc is applied to the 
mobile robot and thereby the mobile robot is op- 
erated according to a normal operation program 
previously inputted to the micom 10. When the 
mobile robot reaches a place where a bad surface 

40 condition exists on the left side during the robot's 
progress, the ball 330 attached at the front left side- 
of the mobile robot falls down out of its usual 
horizontal plane under its own weight 

At this moment, the lever 320 attached to the 

45 left side ball 330 is displaced whereby the perma- 
nent magnet 341 attached to this lever approaches 
the Hall element cell 343 connected to voltage 
regulator 345, and the Hall cell conducts a current 
in proportion to magnitude of the magnetic field. 

so When the magnetic field formed perpendicu- 

larly to the surface of the Hall chip 342 is strong 
and exceeds an operating point, current flowing at 
the Hall element is output from a Schmitt trigger 
. 347 through a signal amplifier 346 which turns on 

55 an output transistor 348. Thereby a signal of L-level 
is inputted through input port b of the micom 10. 
Consequently the micom 10 judges a bad condition 
of the surface at the left side of the mobile robot 
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.% and outputs a signal to port e which operates the 
frontward/backward operation driving section 44a to 
thereby move the mobile robot backward by a 
predetermined distance. 

Next, since the micom 10 has judged that the 
direction holding danger for the robot is to the left, 
it applies a driving signal to the steering driving 
section 45a through ports c and d to turn the 
steering motor M in the rightward direction by a 
90° angle. 

When the mobile robot reaches a place which 
is dangerous on the right side during operation, the 
ball on that side similarly falls under its own weight. 

Similarly to the operation of the left side sur- 
face detecting section 355, when the magnitude of 
the magnetic field formed perpendicular to the sur- 
face of the Hall chip 342 exceeds the operating 
point, current flowing at the Hall element 343 is 
output from Schlmitt trigger 347 through signal 
amplifier 346, turns ON an output transistor 348 
and thereby directs a signal L-level to input port a 
of the micom 10. The micom 10 judges a bad 
condition on the right side and outputs a signal to 
port e to operate the frontward/backward operation 
driving section 44a to back up the mobile robot by 
a predetermined distance. Next, since the micom 
10 has judged that the direction of danger is to the 
right, it applies a driving signal to the steering 
driving section 45a through ports c and d to turn 
the steering motor 45 to the left by a 90* turning 
angle. 

When both right and left side surface con- 
ditions are good, the detectors are not operated, 
and the robot, of course, executes normal operation 
as usual. 

FIG. 7(b) is a flow chart illustrating the operat- 
ing sequence of the faulty surface detecting device 
of the mobile robot of the present invention. When 
firstly the power supply switch 352 of the power 
supply means 350 is turned ON, at step S1 , direct 
current is applied whereby the mobile robot begins 
to operate. At step S2, it begins to move in accor- 
dance with the program of normal operation pre- 
viously inputted to the micom 10. 

Successively, at step S3 when the ball 330 
attached to the front right or left side drops, the 
position of permanent magnet 341 attached to the 
top portion of the lever 320 is displaced toward the 
Hall element cell 343 and the degree of magnetic 
field change is detected at Hall element cell 343 
and amplified to a predetermined value at the sig- 
nal amplifier 346. When the signal passes through 
the Schmitt trigger 347 and turns ON the output 
transistor 348, an L-level is input to. the micom 10 
through the port a (or b). Flow proceeds to step S4, 
and the mobile robot is moved back by a predeter- 
mined distance in accordance with the program 
established in micom 10. At step S5 the mobile 



robot moves, after the micom 10 judges whether 
the bad surface is in front (both balls drop) or to 
the left or right of the mobile robot. When on the 
left side L, flow proceeds to step S6 and the 

5 micom 10, after causing the robot to back up a 
short distance, applies the operating signal to the 
steering driving section 45a through the ports c 
and d and turns the steering motor 45 to the right 
side by a 90° turning angle to prevent the mobile 

70 robot from falling down, and then returns to step 

52. When the micom 10 judges that a bad surface 
is present at the right side R of the mobile robot, 
flow proceeds to step S7 and the micom 10 applies 
the operation driving signal to the steering driving 

75 section 45a through the ports c and d and thereby 
drives the steering motor 45 so as to steer to the 
left by 90 * after backing up a short distance. Flow 
returns to step 52 and normal operation ensues. 
When there is a bad surface at the front of the 

20 mobile robot (both balls drop down) and the mobile 
robot should be moved backward, the micom ap- 
plies a movement signal to the front and back 
operation driving section 44a through port e to 
move the mobile robot backward. The robot may 

25 simply turn around in this case. 

In the case where the surface is good, at step 

53, that is, when S3 yields NO, a signal of H-level 
is input to the ports a, b of the micom through the 
output transistor 348 of the right and left side 

30 surface detecting section 344, 345, and flow re- 
turns to step S2 and the robot moves in accor- 
dance with the operating program previously input- 
ted to the micom 10. 

Thus, with the fall preventing device of the 
35 mobile robot of the invention, in order to prevent 
falling, the value at the Hall element cell, which 
cooperatively changes in response to the position 
variation of the permanent magnet attached to the 
top end portion of the ball/lever unit, is judged at 
40 the micom 10, whereby a bad surface which may 
be present at the front, right or left side of the 
mobile robot is detected, so that the mobile robot 
can operate safely. 

Next, the navigation system 60 and obstacle 
45 detection by means of ultrasonic waves will be 
described in more detail. 

In accordance with the present invention, ultra- 
sonic energy is emitted within a detection envelope 
from a single transducer for remote object detec- 
50 tion purposes based on the principle of echo rang- 
ing. A powerful pulse of sonic energy of short 
duration is emitted and directed in a certain vari- 
able direction by the transducer, which then listens 
for echoes reflected from a target within the detec- 
55 tion envelope to determine the distance, direction 
and nature of the target object so detected. Such 
echoes are received by the single transducer dur- 
ing scanning displacement thereof from a zero 
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position on a platform, against the centering bias of 
springs which also act as conductors for pulse 
signal current flow between the transducer and a 
transmit-receive circuit. An electromagnetic scan- 
ner drive imparts oscillatory motion to the trans- 
ducer for displacement thereof through a sweep 
angle arc of less than 360° according to one 
embodiment, by magnetically generated forces var- 
ied in accordance with the loading of the elec- 
tromagnetic scanner drive at the zero position of 
the transducer and at sweep angle end positions as 
detected by a position sensor associated with the 
electromagnetic scanner drive. Such variation in 
the displacing forces is effected under pro- 
grammed control in order to maintain a relatively 
constant sweep angle through which the transducer 
is displaced in proper timed relation to the pulsing 
of the transducer by the transmit-receive circuit for 
ultrasonic emission. 

Referring now to the drawings in detail, Figure 
8(a) illustrates an electro-acoustic transducer as- 
sembly generally referred to by reference numeral 
64 which includes a tubular housing generally re- 
ferred to by reference numeral 512 preferably 
made of a plastic material and adapted to be 
fixedly mounted on a platform body with which the 
navigation system is associated. 

The rear end of the housing assembly is 
closed by a cover member 524 projecting into the 
housing assembly between the flat wall portion 520 
and the generally tubular or cylindrical portion 526 
of the housing assembly. A terminal connector plug 
528 is mounted by the cover member 524 through 
which electrical connections are established be- 
tween the transducer assembly 510 and its control 
system as described in detail hereinafter. 

A pair of clock type bearing elements 540 are 
threadedly mounted by the tubular housing in 
alignment with each other to establish a rotational 
axis in perpendicular intersecting relationship to the 
longitudinal axis of the tubular housing 512. Bear- 
ing supported pintle elements 542 are fixed to the 
cylindrical transducer support 532 in bearing con- 
tact with the bearing elements 540 as shown in 
Figure 8(b) so as to accommodate substantially 
frictionless angular displacement of the transducer 
element 536 about the rotational axis established 
by the bearing elements 540. 

Referring now to Figures 8(a) and 8(b), each of 
the hub portions of the bearing pintle elements 542 
anchor end portions 544 of a pair of oppositely 
coiled helical springs 546 which center the detector 
at a straight-ahead dead point. The helical springs 
which are made of an electrically conductive ma- 
terial such as steel, have ends 548 anchored to the 
tubular housing through threaded terminal screws 
550 and are electrically connected to connectors 
552. The terminal screws 550 are fixedly mounted 



within wall 554 internally dividing the tubular hous- 
ing assembly 512 into a front chamber enclosing 
the transducer element 536 in its support 532 and 
a rear chamber enclosing an electromagnetic scan- 
5 ner drive generally referred to by reference nu- 
meral 556. 

The scanner drive 556 as shown in Figure 8(b) 
includes an electromagnetic coil 558 (63, Figure 2- 
(a)) mounted within an annular space formed be- 
70 tween an inner tubular core formation 560 and an 
outer cylindrical housing formation 562 projecting 
axially from the mounting wall 554. Opposite ends 
of the electromagnetic coil 558 are connected by 
terminals 564 and 566 to insulated signal conduc- 
es tors 568 and 570 which extend into the electrical 
connector plug 528. Electrical current is accord- 
ingly supplied to the electromagnetic coil 558 
through the conductors 568 and 570 to produce a 
magnetic energization of the coil of the scanner 
20 drive 556 by flow of current. Flow in one direction 
will produce a repelling magnetic force acting on 
the magnetic flux emitting face 572 of the perma- 
nent magnet 574 to initially exert a pushing force 
on the transducer 536 in a counter-clockwise direc- 
25 tion, for example, as viewed in Figure 8(b) to effect 
displacement away from the coil face. The magnet 
574 is slightly offset from the coil in the counter- 
clockwise direction in the initial rest state. The 
offset relationship of pole face 572 to the axis of 
30 coil 558 in the zero position insures such counter- 
clockwise displacement and enables the data pro- 
cessing system hereinafter described to properly 
predict and detect the direction of displacement of 
the transducer. 
35 The apparatus as shown in Figure 8(b) will also 

establish electrical connections between the trans- 
ducer element 536 and the insulated electrical con- 
ductors 576 and 578 connected to the terminal 
anchoring screws 550 to which the helical spring 
40 elements 546 _are connected as aforementioned. 
The electrical conductors 576 and 578 also extend 
into the connector plug 528 through which elec- 
trical pulses are conducted to the transducer ele- 
ment for emission therefrom of ultrasonic energy 
45 and through which return echoes are converted into 
electrical signal energy conducted to the control 
system with which the transducer assembly 510 is 
associated, to be described hereinafter in detail. 
Referring now to Figure 9(a) in particular, the 
50 transducer assembly 510 is shown connected 
through connector plug 528 to the aforementioned 
control system generally referred to by reference 
numeral 530. The transducer element 536 is pulsed 
through the control system by current conducied 
55 thereto through the aforementioned conductor 576 
in order to emit ultrasonic energy in a direction 
denoted by vector 582 within a detection zone 
denoted by envelope 584. According to one em- 
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bodiment of the invention, the detection zone en- 
velope is established during an interrogation cycle 
of approximately 11.36 milliseconds during which 
any object or target within such detection zone will 
effectively reflect ultrasonic echo energy to be re- 
ceived by the transducer and converted into elec- 
trical energy transmitted through conductor 576 to 
the control system 580. Also, according to such 
embodiment of the invention, the detection en- 
velope 584 establishes a detection range distance 
586 from its rotational axis 588 of up to approxi- 
mately seven feet which is maintained substantially 
fixed during each ultrasonic interrogation cycle. 
Further, the detection envelope 584 illustrated in 
Figure 9(a) has a maximum sector dimension of 
approximately 20 degrees. 

With continued reference to Figure 9(a), the 
transducer element 536 of this embodiment scans 
a detection zone substantially greater than that 
encompassed by single detection envelope 584 by 
oscillational displacement of the transducer ele- 
ment 536 about its rotational axis 588 through a 
sweep angle of less than 360 degrees, such as 180 
degrees as shown. Such scanning movement of 
the transducer is effected by angular displacement 
in opposite directions by 90 degrees from the zero 
position shown in Figures 8(a) and 9(a), in re- 
sponse to pulsing of the electromagnetic coil 558 
of the drive 556 as aforementioned. Electrical drive 
pulses applied to the coil 558 are varied in mag- 
nitude and timing to achieve and maintain the 
desired operational relationships between trans- 
ducer emission and position in response to detec- 
tion of the zero position of the transducer and its 
sweep angle end positions limited by engagement 
with the rubber stop elements 530. Pulsing of the 
transducer element 536 to effect emission there- 
from ol ultrasonic energy is achieved through con- 
ductor 576, the electrically conductive centering 
spring elements 546 and a pulse driver 592 in a 
transmit-receive circuit 102 under control of pulse 
producing signals and gating signals applied there- 
to from signal output ports 594 and 596 of a 
microcomputer 598. Echo signals derived from the 
transducer element, as a result of reflections from 
objects within the detection zone, are transmitted 
through the helical spring elements 546 and con- 
ductor 576 to a low noise amplifier 100 in the 
transm it-receive circuit 102. The amplified echo 
signals are fed to a negative peak detector 104 of 
the transmit-receive circuit from which an output is 
applied to an input port 106 of the microcomputer 
598. The signal data received through input port 
106 of the microcomputer is utilized to analyze 
targel objects from which echoes are reflected and 
perform other functions, in accordance with pro- 
gramming algorithms. 

Such analysis of the echo signals by the micro- 



computer is of course dependent upon its time 
relationship to the pulsing of the electromagnetic 
coil 558 and detection of the zero and limit posi- 
tions of the transducer during its scanning dis- 
5 placement as aforementioned. In general, a pulse 
is applied to the coil 558 which sends the sensor 
travelling in a counter-clockwise direction. At the 
limit of rotation in this direction, the sensor strikes 
and rebounds from the rubber stop 530, and is 
70 propelled in the reverse (clockwise) direction by 
the force of the springs 546. Shortly after the 
magnet 574 passes the 0° position, which can be 
easily determined by detecting its interaction with 
coil 558, the coil is again pulsed to rotate the 
75 sensor further in the clockwise direction. Reboun- 
ding and return at the clockwise limit occur in the 
same manner as in the counter-clockwise case. As 
noted previously, the micom keeps tracks of the 
amount of time which each cycle (or half cycle) 
20 takes, and varies the magnitude of the coil pulse 
and its timing to establish and maintain a suitable 
cycle time. From knowledge of the cycle time, it is 
of course an easy matter to determine the proper 
timing for ultrasonic emissions so that emissions at 
25 selected desired angles can be conducted on a 
repetitive basis. 

In the present embodiment, the displacement 
of the transducer and detection of the position 
thereof is achieved through a scanning drive and 
30 sensor component 110 as diagrammed in Figure 9- 
(a). Component 110 includes resettable driver cir- 
cuit 112 and a position sensing circuit 114. The 
electromagnetic coil 558 is connected through the 
resettable driver circuit 112 and the aforementioned 
35 conductor 568 to a pulse signal output port 116 of 
the microcomputer. The transducer position signals 
are detected by the position sensing circuit 114 
also connected to coil 558 through conductor 568. 
The position sensing circuit 114 is connected to a 
40 position signal input port 118 of the microcomputer. 

The control system 580 further includes a 
source of power in the form a battery 120, the 
positive voltage terminal of which is connected to 
the resettable driver circuit 112, the pulse driver 
45 592 and to a voltage regulator 122. The voltage 
regulator 122 provides two output voltages of dif- 
ferent levels including a 1 .8 volt reference bias on 
line 124 connected to the microcomputer and posi- 
tion sensor 114 and a positive 5 volt supply on line 
50 126 connected to the pulse driver 592, the low 
noise amplifier 100 and the negative peak detector 
104 for operative powering thereof. The bias line 
124 establishes a reference above ground with 
respect to AC signals within the microcomputer 98. 
55 The circuitry associated with the transmit-re- 

ceive circuit 102 is shown in greater detail in Fig- 
ure 9(b). The pulse driver 592 includes a stair of 
emitter follower connected transistors Q3, Q4 and a 
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transformer Tl interconnected between ground and 
the positive battery terminal to apply a boosted 
voltage to the transducer element 536 as shown, 
when an ultrasonic pulse output from output port 
94 of the microcomputer is applied through resistor 
R6 to the base of transistor Q3 in order to apply a 
control bias to the base of transistor Q4. 

A current is then supplied to the primary of 
transformer T1, as the transistor Q4 is rendered 
conductive, and the ultrasonic wave from trans- 
ducer 536 is omitted when the boosted voltage 
from the secondary of the transformer is supplied 
to the transducer 563 through caption C5. The 
diode connected between the primary of the trans- 
former and the transistor Q4 prevents the transistor 
from being destroyed by a reverse overvoltage 
generated at the transformer. 

The echo signals detected by the ultrasonic 
transducer 536 are applied through conductor P 
and a capacitor C5 to the base of transistor Q5 in 
the low noise amplifier 100, tuned to high gain and 
low noise by the current mirror circuit 06, Q7 
connected to the collector of transistor Q5. 

The output collector of transistor Q8, to which a 
bias voltage is applied from the 5 volt source 
through resistor R16, is applied to the base of 
transistor Q9 tuned by means of the current mirror 
circuit Q10, Q11 connected to the collector of tran- 
sistor Q9 to establish a Q of approximately 20 for 
the low noise amplifier 100, with a gain of approxi- 
mately 100,000 at ultrasonic frequencies. That is, 
the amplified and filtered signal output at the col- 
lector of transistor Q8 is applied to the base of 
transistor Q9 which is connected to the current 
mirror circuit Q10,Q11. 

The output of transistor Q1 1 composing part of 
the current mirror circuit is connected at its collec- 
tor to the signal-input port AND of the microcom- 
puter 98 for analog-to-digital conversion and analy- 
sis. 

Incoming ultrasonic reflection signals are 
scanned by the microcomputer every 460 micro- 
seconds and are thereby translated with an effec- 
tive one-way distance resolution of about three 
inches. 

With continued reference to Figure 9(b), the 
resettable driver circuit 112 includes transistor Q2, 
the base of which is connected by resistor R3 to 
the pulse driving output port 116 of the microcom- 
puter. The output collector of transistor Q2 is con- 
nected through resistor R2 to the base of power 
transistor Ql causing it to switch on and conduct 
current from the battery terminal to the input termi- 
nal of the coil 58 through the conductor P2. 

The terminal of coil 58 is also coupled through 
series connected capacitor C2 and resistor R96 to 
the negative input terminal of operational amplifier 
OP1 of the position sensing circuit 114. The posi- 
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tive reference terminal of amplifier OP1 is con- 
nected to the bias voltage line 124. Feedback for 
the operational amplifier is established by parallel 
connected feedback capacitor C3 and resistor R4 

5 to detect signals from the coil 58, bandpass filter it 
and amplify it 30 times. A diode D2 interconnecting 
the conductor P2 from the coil 58 to ground pre- 
vents inductive kickback voltages from destroying 
transistor Q1 of the driver once the coil is deener- 

10 gized. 

Next, the sensors arranged within the robot 
body, i.e., the arrangement of the ultrasonic wave 
emitting element and the ultrasonic wave detecting 
sensor, the infrared ray detecting sensor and the 
75 physical object detecting sensor will be described 
in detail with reference to the accompanying draw- 
ings. 

FIG. 10(a) shows a preferred embodiment of 
the layout of the various sensors. FIG. 10(a) is a 

20 diagram showing the setting positions of the sen- 
sors formed on the bottom plate member 409 of 
the robot, and FIG. 10(b) shows a sensor fixing 
grille 410 for fixing from above the sensor inserted 
into the setting portion of the bottom plate member 

25 409. 

In FIG. 10(c), the electro-acoustic transducer 
402 for detecting a obstacle present at close dis- 
tance in order to control the driving means 200 and 
the steering means 201 is mounted to a first sensor 

30 setting portion 401. This sensor may be comprised 
of that depicted in FIG. 8(a). An ultrasonic sensor 
404 for detecting a physical object moving at a 
remote distance in order to operate an alarm or the 
like includes an ultrasonic wave emitting element 

35 404 (FIG. 10(c)) and an ultrasonic wave detecting 
element 405, wherein the elements 404,405 com- 
posing the ultrasonic sensor are mounted to the 
second sensor setting portion 403, and also at 
locations 3 when back-facing sensors are em- 

40 ployed as welL An infrared ray detecting sensor 
408 for detecting infrared rays generated by a 
human trespasser is mounted at third sensor set- 
ting portions 406 formed respectively at an interval 
of 1 20 • . 

45 Guide ribs 408 are respectively formed at right 

and left side walls at setting portions 401,403, 406, 
and when a base board attached to the sensor is 
inserted vertically along side guide rib 408, a pri- 
mary setting is made, and after the sensor is 

so inserted, a sensor grille 410 as shown in FIG. 10- 
(b) is assembled to the bottom plate member 409 
so that the sensor is more rigidly fixed. 

FIG. 10(c) shows a part of frontward portion of 
the robot trunk 8 which shows the physical object 

55 detecting (navigational) sensor 402 and how the 
ultrasonic wave emitting element and the ultrasonic 
wave detecting element 404,405 are mounted, and 
FIG. 10(d) shows a part of the back portion of the 
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-•' robot trunk 8 which shows back-facing ultrasonic 
wave emitting element 404 and the ultrasonic wave 
detecting element 405 arranged at right and left. 

Although the above description is directed to 
an ultrasonic sensor, an infrared detecting sensor 
and a navigation system, the present invention is 
not limited to such construction and, for instance, 
can be constructed using a sound detecting sen- 
sor, a temperature sensor, an ionization sensor and 
the like by changing the structure only slightly. 

Above-described ultrasonic wave emitting and 
detecting elements 404, 405 have a structure fixed 
against positional displacement and are directed 
forward (and rearward) only, however it is possible 
to employ a structure capable of displacement 
within a predetermined range to right and left as 
follows. 

That is, as shown in the embodiment of FIGS. 
11(a) through 11(e), the ultrasonic wave emitting 
element 404 and the ultrasonic wave detecting 
element 405 are respectively attached to sensor 
holding pieces 411a, 411b, and they and the sen- 
sor holding pieces 411a, 411b are respectively 
connected to a supporting base frame 413 and a 
rack gear 414 by hinge pins 412a, 412b, 412c, 
41 2d. The rack gear 414 is connected to a motor 
422 via a pinion gear 415 to thereby be cooperat- 
ively moved to the right and left. The electrical 
circuit of this embodiment of the ultrasonic wave 
emitting and detecting element is comprised of, as 
shown in FIG. 11(f), a power supply control section 
417 which supplies power for cooperatively moving 
the rack gear 414, and which is connected to the 
"G" terminal of microcomputer 30 such that the 
supplied voltage is made selectively ON or OFF by 
an operating switch 417a. An ultrasonic wave trans- 
mitting section 418 includes the ultrasonic wave 
emitting element means 404 and is connected to 
the "A" terminal of the control micom 30. An 
ultrasonic wave detecting section 419 which is con- 
nected to the "B M terminal receives the reflected 
ultrasonic wave via the ultrasonic wave detecting 
element 405, confirms the presence or absence of 
movement of a physical object, and is made to 
retransfer this information to the control section 30. 
A warning sound generating section 420 connected 
to terminal "C" receives from the control micom 30 
an indication that a moving physical object is 
present, to thereby generate a warning sound. A 
motor driving section 421 moves the ultrasonic 
sensor 29 right and left and is connected to W D", 
"E", and "F" terminals of the control micom 30. A 
reset switch 422 is connected to the "H" terminal 
and restricts the warning sound generated at the 
warning sound generating section. The control 
microcomputer 30 is connected with the respective 
sections, and instructs and regulates the operation 
thereof. 



The operation with regard to this embodiment 
of the ultrasonic wave detecting means according 
to the present invention will now be described. 

As shown in FIGS. 11(b) and (f), when an 
5 operating switch 417a of the power supply control 
section 417 is pressed whereby power is applied, it 
is transferred to the control micom 30 through its 
"G w terminal, and the control unit 30 sends an 
initializing state signal to each terminal. 
70 At this moment, when a motor driving signal is 

output to the M D" terminal and an operating signal 
is output to "E" or "F" terminals which designate 
the rotational direction, motor 422 is driven in the 
designated predetermined direction and the pinion 
75 gear 415 fixed to the motor shaft 424 makes the 
rack gear 414 execute linear movement, and the 
ultrasonic wave emitting, element 404 and the ultra- 
sonic wave detecting element 405 on the support- 
ing base frame 413 are cooperatively moved in a 
20 predetermined direction. When the ultrasonic sen- 
sor 29 reaches a set angle "1". a movement of the 
motor 423 is stopped. Subsequently, when the 
control section 30 detects that the movement of the 
motor 423 is completely stopped, the power supply 
25 of the power supply control section 417 is output- 
ted to the ultrasonic wave transmitting section 418 
through the "A" terminal, and an ultrasonic wave is 
emitted via the ultrasonic wave emitting element 
means 404, and the ultrasonic wave receiving sec- 
30 tion 419 receives the reflected ultrasonic wave via 
the ultrasonic wave detecting element 405, and 
transfers its data to the control unit 30. The control 
section 30 judges the value transferred from the 
ultrasonic wave receiving section 419 and deter- 
35 mines whether or not physical object movement 
due to a trespasser or the like is occurring. As 
shown in FIG.11(b), when an operation signal is 
output to the motor driving section 421 in order to 
move the detecting sensor 29 fixed at the set angle 
40 n 1" (right), to set angle "2" (left), the detect- 
ing.sensor 29 reaches the set angle "2", the motor 
is stopped and the above operation is repeated. 

When physical object movement due to a tres- 
passer is detected in either direction, the control 
45 unit 30 outputs a signal to the warning sound 
generating section 420 through the "C" terminal, 
and the warning sound operating section 420 con- 
tinually generates a warning sound until the user 
presses the reset switch SW and initializes the 
so operation. Other procedures may be undertaken as 
well, as described hereinabove and hereafter. 

When the movement of the sensor 29 comes 
to its final angle, i.e., the set angle "2", the rota- 
tional direction of the motor 423 is changed, and if 
55 this is not executed due to an erroneous operation, 
a warning sound is generated to thereby inform this 
to the user. 

As seen from the above, the detection region 
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of the sensor 29 is widened by utilizing the motor 
423 so that the functional efficiency of the crime 
prevention device can be doubled. 

Figs. 12 are circuit diagrams of an ultrasonic 
transmitting section for sensing mobile objects in 
accordance with the . present invention, which uses 
an astable multivibrator. More particularly, when the 
power supply 12V is supplied from the battery to 
bases and collectors of transistors TRI and TR2 
through resistors R2, R5, R7 and R8, the transis- 
tors Trl and TR2 are rendered conductive and the 
output current is developed at the emitters of the 
transistors Trl and TR2, whereby capacitors C5 and 
C7 are charged by the output current. If the charge 
of the capacitors C5 and C7 has been completed, 
the emitters of the transistors TRI and TR2 are 
raised in potential and thus the transistors TRI and 
TR2 are disabled. 

But, if the capacitors C5 and C7 are dis- 
charged through the resistors R3 and R6, the emit- 
ter potentials of the transistors TRI and TR2 are 
decreased, thereby allowing the transistors TRI and 
TR2 to be enabled again. By repeating the charg- 
ing and discharging of the capacitors C5 and C7 in 
the aforementioned manner, a pulse signal having 
a predetermined frequency is developed at the 
collector of the transistor Trl for transfer to an 
ultrasonic wave emitting element which is not 
shown in this figure. 

If the ultrasonic wave thus transmitted is re- 
flected from a mobile object, such as a burglar, the 
reflected ultrasonic wave is sensed by an ultrasonic 
wave detecting element (which will be described 
later) and a mobile object-sensed signal is inputted 
to the microcomputer .30. The microcomputer 30 
executes control to carry out processes, for exam- 
ple, driving an alarm such as a speaker or buzzer, 
or initiating the auto-dialer, depending upon the 
mobile object-sensed signal. 

Referring to Rg. 12(b), there is shown the 
configuration of the ultrasonic detecting section 419 
which includes an ultrasonic detecting element 405; 
an attenuation rate adjusting portion 1 for prevent- 
ing erroneous operation of the robot system due to 
noise signals around the system; first and second 
amplifying portions 2 and 3 for amplifying the out- 
put signal of the attenuation rate adjusting portion 
1; and first and second filters 4 and 5 for filtering 
the amplified output signal of the amplifying por- 
tions 2 and 3. 

More particularly, the attenuation rate adjusting 
portion includes a switching circuit element SCI 
having an input terminal XO directly connected to 
the ultrasonic sensor 405, an input terminal XI 
connected with the ultrasonic sensor 405 through a 
resistor Rll, an input terminal X2 connected with 
the ultrasonic sensor 405 through resistors Rll and 
R12, an input terminal X3 connected with the ultra- 



sonic sensor 405 via one end of resistor R13, the 
other end of which is connected to the resistor 
R12, and an input terminal X4 connected with the 
ultrasonic sensor 405 via one end of a resistor R14, 

s the other end of which is connected to the other 
end of the resistor R13. Also, the switching element 
SC1 is supplied at input terminals A and B with a 
2-bit attenuation rate selecting signal from the 
microcomputer 30. With the attenuation rate adjust- 

70 ing portion 1 constructed as described above, it is 
possible to obtain a proper combination of the 
resistors Rll to R14 depending upon the attenuation 
rate selecting signals A and B, thereby allowing the 
robot system to operate error free. 

75 The ultrasonic sensed signal thus obtained is 

outputted from the attenuation rate adjusting por- 
tion 1 to the primary amplifying portion 2 including 
a differential amplifier OP1 to amplify the sensed 
ultrasonic signal and then the primary amplified 

20 ultrasonic signal is supplied to a secondary am- 
plifying portion 3 including a differential amplifier 
OP2 to obtain an output signal desirably amplified 
in amplitude. The amplified output signal is then 
filtered by the first and second filter portions 4 and 

25 5 and the filtered output signal is inputted to the 
microcomputer 30. Accordingly, the microcomputer 
30 determines the presence of the mobile object, 
for example, a burglar, on the basis of successive 
ultrasonic-sensed signals, and performs control to 

30 generate an alarm signal and so on, if necessary. 

The infrared sensing portion 34 according to 
the present invention will be described below, re- 
ferring to Fig. 13. The infrared sensing portion 34 
receives the sensed signal from the three infrared 

35 sensors SEN1, SEN2 and SEN3 mounted on the 
robot at an angle of 120°, respectively. Only one 
of these sensors and its associated circuitry is 
shown in Fig. 13, for sake of clarity. More particu- 
larly, as shown in Fig. 13, the sensors SEN1, SEN2 

40 and SEN3, only one (SEN1) of which is illustrated, 
are connected to a gate of MOSFET MT1 to sense 
the infrared radiation from a human body and the 
MOSFET MT1 is connected at its drain to a first 
input terminal " + " of an amplifier AM3 in a 

45 primary amplifying portion 1 . An output terminal of 
the amplifier AMP3 is connected to a second input 
terminal " - " of an amplifier AMP4 of a secondary 
amplifying portion 2 and an output terminal of the 
amplifier AMP4 is connected to input terminal AN3 

so of the microcomputer 30, respectively. Outputs of 
the circuitry for sensors SEN2 and SEN3 (not 
shown) are similarly coupled to microcomputer in- 
put ports AN2 and AN4. 

With the infrared sensing portion 34 construct- 

55 ed as described above, if infrared radiation from a 
human body is sensed by any one of the sensors 
SEN1 , SEN2 or SEN3, the corresponding MOSFET 
MTl is rendered conductive and the output signal 
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• • thereof is input to the first input terminal of the 
amplifier AMP3 to amplify the signal. The signal 
thus amplified is applied to the second input termi- 
nal of the amplifier AMP4 to secondarily amplify 
the signal. The amplified output signal from the 
amplifier AMP4 is supplied to the corresponding 
input terminal AN2, AN3 or AN4 of the microcom- 
puter 30. Accordingly, the microcomputer 30 deter- 
mines the presence of an intruder or burglar on the 
basis of the signal from the secondary amplifying 
portion 2 and operates, e.g., the auto-dialer for 
sending a message automatically, and the speaker 
or buzzer to produce an alarm signal. 

Fig. 14 is a circuit diagram for discriminating 
whether the sound signal sensed by the sound 
sensing element, such as a microphone, is a voice 
signal such as a baby's cry or a plosive signal due 
to breakage of windows. This circuit shown in Fig. 
14 includes a first band pass filter 1 which com- 
prises a first comparator COM! having a non-invert- 
ing input terminal " + " supplied with the sound 
signal and an inverting input terminal " - " con- 
nected to a node between resistors R13 and R14; a 
second band pass filter 2 which comprises a sec- 
ond comparator COM2 having a non-inverting input 
terminal " + n provided with the sound signal 
through resistors R22 and 23 and an inverting input 
terminal " - " connected to resistors R24 and R25 
and a capacitor C16; an amplifying portion 3 having 
an inverting input terminal " - " supplied with the 
output signal of the first comparator COM1 ; and a 
sound signal generating portion 4 having a switch- 
ing transistor TR3 connected at a base thereof to 
the output side of the second amplifier AMP1, 
wherein the respective non-inverting input terminals 
" + " of the first and second amplifiers AMP1 and 
AMP2 are supplied with the sound signal. With the 
circuit constructed as described above, the signal 
sensed by the sound sensor 35 in Fig. 1 is sup- 
plied to and filtered by the first and second com- 
parators COM1 and COM2. Reference values are 
set so that the output signal of the first comparator 
COM1 assumes a high level when the sound signal 
is plosive, while the output signal of the second 
comparator COM2 assumes a high level when the 
sound signal is a voice signal. The output signal of 
high level of the first or second comparator COM1 
or COM2 is supplied to and amplified by the first or 
second amplifier AMP1 or AMP2. The output signal 
of the amplifier AMP1 thus amplified is outputted 
as the voice signal (from a speaker or the like), 
whereas the signal output from the second am- 
plifier AMP2 is provided to the transistor TR3. As a 
result, the transistor TR3 is repeatedly switched by 
charging and discharging of a capacitor C14 to 
output a rectangular-wave pulse in response to the 
plosive signal. Meanwhile, the output signal of the 
amplifier AMP1 has a level corresponding to the 



sound signal and is supplied to the second micro- 
computer 30. The second microcomputer 30 deter- 
mines whether the sound signal is a plosive signal 
or a voice signal. If the signal is a plosive signal, 

5 the second microcomputer 30 carries out the auto- 
dialing operation, etc. Alternatively, if the signal is a 
voice signal, the microcomputer 30 informs the 
baby's cry to the user having the monitor. 

Referring to Fig. 15, there is shown a circuit 

70 diagram of the signal transmitting and receiving 
portion 32. This circuit is constituted so that the 
circuit transmits the alarm signal informing the 
presence of the burglar and the generation of the 
sound signal sensed by the sound sensing portion 

75 shown in Fig. 14 to the monitor, or receives com- 
mands from the monitor. 

More particularly, the voice signal sensed by 
the sound sensing portion in Fig. 14 is converted 
into a signal YCOM through a voice signal input 

20 portion 1 which includes a variable resistor R16, a 
varactor diode D2, an inductor L2 and a resistor 
R12 and so forth, and the signal YCOM is supplied 
as a sound-sensed signal to the microcomputer 30. 
Accordingly, the microcomputer 30 provides fre- 

25 quency selection signals Y2S and Y1S capable of 
varying a modulating frequency, the frequency se- 
lecting signals Y2S and Y1S being selected by the 
user to prevent interference. Therefore, a quartz- 
crystal oscillator Y1 or Y2 is energized by the 

30 frequency selecting signal Y2S or Y1S selected by 
the user, and a predetermined frequency is ema- 
nated from the oscillator Y1 or Y2. Then, the os- 
cillated frequency signal is modulated through a 
modulator 2, a high frequency amplifier 3 and a 

35 voice signal transmitting portion 4 in a well-known 
manner and transmitted through the antenna AT1 
to the monitor, thereby informing the generation of 
the voice signal to the user having the monitor. 
A signal, such as a command, transmitted from 

40 the monitor, js input to a radio frequency input 
portion 5 via the antenna AT1. The input signal is 
demodulated by a demodulator portion 6, amplified 
by an amplifying portion 7 and then wave-shaped 
through a wave shaping portion 8 including NAND 

45 gates ND1, ND2 and ND3. The wave-shaped signal 
is applied to the microcomputer 30. Accordingly, 
the microcomputer 30 analyses the input signal 
and performs control to execute the corresponding 
function. 

so Reference numeral 9 denotes a sensed sound 

transmitting portion, which is comprised of a high 
frequency generating means SAWR1 for generat- 
ing a specified high frequency, and a so-called 
pattern inductor L5 for transmitting the high fre- 

55 quency signal generated by the high frequency 
generating means SAWR1 in a certain pattern to 
carry out the auto-dialing function under the control 
of the microcomputer 30. 
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The operation of charging the battery built into 
the robot system and the operation of indicating 
the charging state thereof will now be explained, 
referring to Fig. 16. 

If the A.C. plug of the robot system is inserted 
into an A.C. socket while the robot system is not 
operating, the A.C. power supply is converted into 
d.c. voltage by passing through an ordinary bridge 
rectifying circuit 36 and capacitors C25, C24, and 
the d.c. voltage is supplied to a voltage regulator 
VR2. 

The regulator VR2 produces and outputs a 
stabilized d.c. voltage. Noise components retained 
in the d.c. voltage are filtered by capacitors C1 and 
C2 and a transformer Tl. and the d.c. voltage is 
supplied to the battery built into the robot so as to 
charge the battery. The voltage regulator VR2 is 
connected at an end U and output terminal OUT to 
a current-limiting circuit for limiting peak current 
which includes transistor TR13 and resistors R35 to 
R37. 

Meanwhile, a portion of the voltage produced 
by the voltage regulator VR2 is supplied to a 
switching transistor TR17 through a diode D10, so 
that the transistor TR17 is generally rendered con- 
ductive whenever the robot is connected to the 
A.C. source. 

As a result, a signal of low level appears at the 
collector side of the transistor TR17 and is supplied 
to a terminal PBO of the microcomputer 30. Ac- 
cordingly, the microcomputer 30 determines the 
charging state of the battery on the basis of the low 
level signal and executes control so as not to 
operate the robot system during charging. 

Simultaneously, the microcomputer 30 (see 
Fig. 3) operates to change the potential of the 
function selecting key KEY 3 to a low level state so 
as to light the charge state indicating LED D13 
provided on the display unit 42 for indicating the 
charging state of the battery. 

Referring to Fig. 17, there is shown the power 
supply control circuit, which can intermittently sup- 
ply power to the robot system if necessary for the 
purpose of decreasing power consumption. 

The power supply control circuit 80 shown in 
Fig. 17 comprises an ordinary oscillator 1; a power 
supply voltage supply portion 2 including a first 
transistor TR18 having an emitter and base con- 
nected to the first power supply 12V, and a second 
transistor TR16 having its collector connected to 
the base of the transistor TR18 through a resistor 
R92, and its base connected to the emitter side of 
the transistor TR18 through a resistor R93. A power 
supply controlling portion 3 includes a first NAND 
gate ND1 having an input connected to a second 
power supply 3V and the function selecting key 
KEY 0 of the keyboard 31, a second NAND gate 
ND2 having one input connected to an output side 



of the first NAND gate ND1, the other input con- 
nected to the second power supply 3V through a 
resistor R104 and to a control signal output termi- 
nal PA4, and an output terminal connected to the 

5 other input of the first NAND gate ND1. A third 
NAND gate ND3 has input terminals commonly 
connected to the output terminal of the first NAND 
gate ND1, and a fourth NAND gate ND4 has an 
input connected to the emitter of the transistor 

70 TR16 in the power supply voltage supplying por- 
tion 2, another end connected to an output terminal 
of the third NAND gate ND3 through a diode D16 
and an output terminal connected to an input termi- 
nal STOP of the microcomputer 30. In Fig. 17, 

75 reference numeral 4 denotes a power supply gen- 
erating portion for generating a power supply volt- 
age for each circuit portion of the robot system. 

With the power supply control circuit construct- 
ed as described above, when the first power sup- 

20 ply (12V) is supplied from the aforementioned bat- 
tery while the robot system is stationary, the tran- 
sistor TR18 is rendered conductive and the output 
voltage at the emitter side of the transistor TR1 8 is 
applied to the base of the transistor TR16 which is 

25 also rendered conductive. The transistor TR16 is 
biased with a voltage divided by the resistors R93 
and R94 so that the second voltage, for example, 
3V, appears at the emitter side of the transistor 
TR18. The second voltage (3V) is supplied to the 

30 microcomputer 30 as a back-up voltage, thereby 
preventing data stored in the microcomputer 30 
and so on from being lost even if the main power 
supply in the robot system is cut off. 

Meanwhile, with the robot system stopped, the 

35 second voltage 3V is supplied to one end of the 
NAND gate ND2, so that the NAND gate ND2 
outputs a high level signal. The high level signal is 
supplied to one input of the NAND gate ND1, the 
other input of which is maintained at a high level 

40 by the second. voltage 3V. As a result, the NAND 
gate ND1 outputs a low level signal. This low level 
signal is applied to transistor TR3 Darlington-con- 
nected with transistor TR4, so that both transistors 
TR3 and TR4 are rendered non-conductive and so 

45 that a switching transistor TR5 is also rendered 
non-conductive and no output voltage is generated 
from voltage regulator VR1. On the other hand, the 
low-level output signal of the NAND gate NDl is 
applied to both input terminals of the NAND gate 

so ND3, whereby the NAND gate ND3 outputs a high 
level signal, which is supplied to one input of the 
NAND gate ND4. Therefore, the NAND gate ND4 
outputs a high level signal and transfers this signal 
to the input terminal STOP of the microcomputer 

55 30. Accordingly, the microcomputer 30 controls the 
second microcomputer 10 so as not to carry out 
any function of the robot system. 

Alternatively, if the function key, for example, 
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S3, on the keyboard 31 in FIG. 3 is pressed by the 
user, the function selecting key KPT goes to a low 
level. At this time, the microcomputer 30 outputs a 
low level signal through an output terminal PA4 and 
supplies this signal to the NAND gate ND2. As a 
result, the NAND gate ND2 outputs a low level 
signal. In this case, the other input of the NAND 
gate ND1 is provided with a low level so that the 
NAND gate ND1 outputs a high level signal. 

Accordingly, the transistors TR3 and TR4 in 
the power supply voltage generating portion 4 are 
rendered conductive and the transistor TR5 is also 
rendered conductive. 

Therefore, the voltage regulator VR1 produces 
and outputs a certain voltage. The output signal of 
high level produced by the NAND gate ND1 is 
supplied to the NAND gate ND3, so that the gate 
produces and outputs an output signal of low level. 
Thus, an output signal of low level is outputted 
from the NAND gate ND4, which in turn is supplied 
to the input terminal STOP of the microcomputer 
30. 

As described, according to the power supply 
control circuit of the present invention, since the 
second voltage serving as a back-up voltage can 
be produced internally from the first power supply 
12 without using a separate battery, it is possible to 
minimize power consumption of the battery and to 
prevent data stored in the microcomputer from 
being lost in the non-operating mode, thereby al- 
lowing the life-time of the battery provided in the 
robot system to be prolonged. 

Next, the system reset circuit for preventing 
the robot system from being operated erroneously 
even if the power voltage from the battery is de- 
creased below a predetermined level will be de- 
scribed referring to Fig. 18. 

The system reset circuit 81 (first illustrated in 
Fig. 2(b)) includes a comparator COP1 having an 
inverting input terminal connected to the first 
power supply voltage 12V through dividing resis- 
tors R41 and R42 and a non-inverting terminal n + " 
connected to a reference voltage corresponding to 
an allowable voltage level. The comparator COP1 
produces an output signal of high level when the 
power voltage drops below 2.5V. Also, the system 
reset circuit includes a transistor TR13 having an 
emitter connected to ground and a collector con- 
nected to a reset terminal RESET of the microcom- 
puter 30. The transistor TR13 is rendered noncon- 
ductive when the output signal produced by the 
comparator COP1 is of high level. Thereby, a cur- 
rent path between the emitter and collector of the 
transistor TR13 is grounded to thereby reset the 
microcomputer 30. 

Further, the system reset circuit includes a 
switching transistor TR12 for resetting the micro- 
computer 30 in case the latter assumes an ab- 



normal state as a result of a simulation between the 
first and second microcomputers 10 and 30 as will 
be described later. The transistor TR12 has a col- 
lector connected to the reset terminal RESET of 

5 the microcomputer 30, a base connected to an 
output terminal RSTM of the microcomputer 10 
and an emitter connected to ground. 

With the aforementioned structure, when a sim- 
ulation is carried out between the microcomputers 

70 10 and 30, and if the microcomputer 30 operates 
abnormally, a reset signal of high level is outputted 
from the output terminal RSTM of the microcom- 
puter 10 and thereby the transistor TR12 is ren- 
dered conductive. As a result, the reset terminal 

75 RESET of the microcomputer 30 is supplied with a 
low-level signal to reset the microcomputer 30. 
Alternatively in a state where reset terminal RESET 
of the microcomputer 10 is maintained at high- 
level, if the microcomputer 10 operates abnormally, 

20 an output signal of low level is output from an 
output terminal PA7 of the microcomputer 30 and 
is supplied to reset terminal RESET of the micro- 
computer 10, thereby resetting the microcomputer 
10. Accordingly, it is possible to prevent erroneous 

25 operation due to a malfunction of the system itself. 

The mobile monitoring device of the present 
invention includes an automatic communication 
control means, and two-way communication be- 
tween the automatic communication control means 

30 and the robot is possible, so that even from a 
remote location the handling of the robot and the 
control of the operating conditions of the robot are 
enabled. 

In order to obtain this object, the automatic 

35 communication control system according to the 
present invention includes a microprocessor, a 
power supply section, a key input section for input- 
ting a program to the microprocessor and to an 
auxiliary power supply section, a radio receiving 

AO section which receives an emergency situation alert 
signal and a control response signal from the robot, 
whereby inputs are made to the microprocessor, a 
telephone tone (or dial pulse) transmitting and 
sensing section which sends telephone tones 

45 stored in memory, senses a call from an outside 
telephone line and receives a telephone sound 
signal from an external user, a speech synthesizing 
section which synthesizes and reproduces speech 
in accordance with the situation under the control 

so of the microprocessor, a radio transmitting section 
for transmitting a control signal via radio to the 
robot body in accordance with the telephone signal 
received from the outside telephone line, and a 
display section for displaying the input signals from 

55 the key input section or remote system and the 
stale of the robot. 

A preferred embodiment of the automatic com- 
munication control system according to the present 
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invention will be described in detail with reference 
to the drawings. 

FIG. 19(a) is a schematic diagram illustrating 
the overall configuration of the automatic commu- 
nication control means, FIG. 19(b) is a block dia- 
gram of the automatic communication control 
means, and FIG. 19(C) is a How chart illustrating 
the operating sequence of the automatic commu- 
nication control means according to the present 
invention. 

Radio transmitting and receiving capabilities re- 
side at the robot body and also at the automatic 
communication control unit, to enable two-way 
communication between the robot body and the 
automatic communication control unit, so that even 
from a remote location, the robot body can be 
controlled and the operation of the robot body, can 
be grasped. 

In FIG. 19(a), reference numeral R represents 
the robot body having radio transmitting and re- 
ceiving functions; numeral 600 is an automatic 
communication control unit which receives via radio 
an emergency situation signal indicative of an 
emergency situation as detected by the robot's on- 
board sensors or external sensor 630 and reports 
to a designated remote location utilizing a standard 
telephone line. When an outside user has per- 
formed remote control handling utilizing a tele- 
phone set 660, control signals are sent through the 
telephone line to unit 600 and then to the robot 
body R via radio. A radioed response code is sent 
from the robot body R and the unit 600 synthesizes 
a previously established response message in re- 
sponse to the situation and thereafter sends the 
message to the remote user via the telephone line 
650 to confirm receipt. 

The sensors 630, 640, complement the sensors 
located on the robot body, and send detected 
signals to the robot body R or to the automatic 
communication control means 600 via wire or radio. 
The sensors include those mentioned above, such 
as human body or fire sensors. 

In FIG. 19(b), reference numeral 670 is the 
microprocessor, numeral 601 is a power supply 
section which receives commercial power to there- 
by power the system, and numeral 602 is an auxil- 
iary power supply section which can substitute a 
rechargeable battery for the main power supply 
when the voltage supplied by the main power sup- 
ply section 601 drops below its regular value. This 
enables power to be supplied for a predetermined 
time period even it there is a power interruption. 

Reference numeral 603 is a key input section 
comprised of a plurality of keys for inputting sig- 
nals required for operation of the automatic com- 
munication control unit to the microprocessor 670, 
numeral 604 is a display section comprised of, 
e.g., a plurality of light emitting diodes which may 



be turned ON by the microprocessor 670 to display 
the operating state of the robot as well as the 
operating state of the automatic communication 
control means, and numeral 605 is a radio transmit- 

5 ting section which, when an external user inputs a 
control signal for controlling the robot, transmits the 
control signal on to the robot via radio. 

Reference numeral 606 is a radio receiving 
section which either receives a signal from the 

70 robot or from a sensor 630 connected via radio and 
directs its output to the microprocessor 670. Nu- 
meral 607 represents a telephone tone sending and 
sensing section which generates telephone tones 
(or dial pulses) for calling and connecting to a 

is remote telephone in case an emergency signal is 
discriminated from among the signals sent from the 
radio receiving section 606 to the microprocessor 
670, or senses various control signals sent via a 
remote telephone operated by an external user and 

20 translates and inputs these signals to the micropro- 
cessor 670. A speech synthesizing section 608 
reproduces previously recorded messages accord- 
ing to a given emergency situation to thereby send 
the message to the external user (or other location) 

25 via a telephone line interface 609. 

In accordance with the automatic communica- 
tion control unit according to the present invention, 
when power is supplied from the power supply 
section 601 , and data for controlling the robot are 

30 inputted to the microprocessor 670 through the key 
input section 603, the input signals are displayed 
on the display section 604 and simultaneously sent 
to the robot through the radio transmitting section 
605 so that the robot can be controlled. 

35 When an external user inputs a control signal 

for controlling the robot by voice or tone, etc. 
through the public telephone line, the control signal 
is sensed at the sending and sensing section 607 
through the telephone line interface 609, to thereby 

40 be translated and inputted to the microprocessor. 
The microprocessor 670 then controls the radio 
transmitting section 605 and the control signal is 
relayed to the robot to control the same. 

When an emergency situation signal is inputted 

45 to the radio receiving section 606 either from the 
robot body R or from a sensor such as at 630 
separately provided, the microprocessor 670 con- 
trols the sending and sensing section 607 to gen- 
erate telephone calling tones and directly connects 

so to the telephone line 650 through the telephone line 
interface 609 to communicate to the external user 
or authorities. 

The microprocessor 670, if necessary, gen- 
erates a speech message using the speech syn- 

55 thesizing section 608 and connects the speech 
signal to the telephone line through the interface 
609. The microprocessor also analyzes a secret 
code number known only by the user, for acces- 
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sing control of the robot, inputted through the tele- 
phone line, and grants access to the robot when 
the code is correctly entered. 

The operational process of the automatic com- 
munication control means will now be described in 
detail with reference to the flow chart of FIG. 19(c). 

The automatic communication control means 
according the present invention, as shown in FIG. 
19(c), maintains a standby state at step S1, and at 
step S2 is discriminates whether or not an emer- 
gency situation signal is input from the robot or 
other source, as well as whether a control signal is 
input by an external user. 

That is, it discriminates whether or not an 
emergency situation signal is received from the 
robot R and input to the microprocessor 670 
through the radio receiving section 606, or an 
emergency situation signal sent by the sensor 630 
is transceived via radio via the radio receiving 
section 606 input and is transmitted to the proces- 
sor. It also discriminates whether or not a control 
signal for controlling the robot is input via tele- 
phone through the public telephone line interface 
609 and the sending and sensing section 607, and 
whether an input is received from sensor 640. 

As a result of said discriminations, when nei- 
ther the emergency situation signal nor the control 
signal are input, flow returns to step S1 and the 
standby state is maintained. If an emergency situ- 
ation signal is input from one of the sensors 630, 
640 connected via radio or wire to the robot or the 
radio receiving section 606, flow advances to step 
S3 and the microprocessor 670 controls the tele- 
phone line interface 609 to open (off-hook) the 
telephone tine, and then, at step S4, it sends a 
control signal to the telephone tone sending and 
sensing section 607 so as to select a communica- 
tion area (a reserved telephone number corre- 
sponding to the emergency situation) and causes 
dialing of the telephone number corresponding to 
the selected communication area. 

The corresponding telephone number is then 
dialed by the unit 607, and discrimination is made 
at step S5 as to whether or not the dialed tele- 
phone number is busy. 

As a result of receiving the ring back tone or 
busy signal at step S5, in case of the busy signal 
(in case of YES), at step S6 the interface 609 takes 
the line on-hook under control of the microproces- 
sor 670 (the telephone line is off) and thereafter, 
when a predetermined time period has elapsed, 
returns again to step S3 and repeats the dialing 
action. In the case of the ring back tone (the 
corresponding telephone number is not busy), flow 
proceeds to step S7 and discrimination is made as 
to whether or not the receiver has been picked up. 
When the receiver is not picked up, a predeter- 
mined waiting period is initiated, and it the receiver 



is picked up, flow proceeds to step S8 and either a 
message or situation code corresponding to the 
emergency situation is sent, or a message cor- 
responding to the emergency situation and pre- 

5 viously recorded is output via the speech syn- 
thesizing section 608, which repeatedly sends the 
message a predetermined number of times. 

At step S9, whether or not message or situ- 
ation code sending is complete is detected and 

70 when it is, at step S10 the telephone line interface 
609 returns the line to the on-hook condition, and 
flow returns to step S3. This process is repeated 
for each reserved area (emergency telephone num- 
ber to be called) as described above, and in case 

75 sending is not finished the sending operation con- 
tinues. 

Of course, when the sending operation is fin- 
ished, the standby state of step S1 is resumed, 
and emergency situation signal sensing is again 

20 discriminated. 

On the other hand, when a control signal 
(calling signal) for the robot which is not an emer- 
gency situation signal is received from a remote 
telephone and reaches the microprocessor 670 at 

25 step S2, the microprocessor 670 controls the tele- 
phone line interface 609 and connects the line at 
step S11. and at step S12 it controls the speech 
synthesizing section 608 such that the user is 
prompted to input a secret number, and then en- 

30 ters a receiving standby state. 

While maintaining the receiving standby state, 
at step S13, whether or not the secret number is 
received as a telephone tone or otherwise through 
the telephone line is detected and when it is re- 

35 ceived, control advances to step S14 where the 
telephone tones are converted by unit 607 into a 
control code capable of input to the microprocessor 
670. 

At step S1 5, whether or not the secret number 
40 of the controj code that microprocessor 670 has 
received from section 607 coincides with the stored 
code is determined. 

As a result of the discrimination at step S15, 
when the secret number is incorrect (no match), 
45 control advances to step S21 and cuts off the 
telephone line and returns to the standby state of 
step SI. When the secret number matches, flow 
proceeds to step Si 6 and a message is sent via by 
the speech synthesizing section 608 to prompt the 
so external user to input a control code. 

The control code thus input is received at step 
- - Si 7 by the microprocessor 670 via the telephone 
tone sending and sensing section 607, and the 
microprocessor 670 generates at step S18 the ra- 
55 dio control signal corresponding to the control code 
and sends the same to the robot through the radio 
transmitting section 605. 

The robot receives the control signal from the 
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radio transmitting section 605, executes the cor- 
responding control operation, and thereafter sends 
a result signal via radio at step Si 9. The radio 
receiving section 606 of the automatic communica- 
tion control unit 600 receives this signal, the micro- 
processor analyzes it sends a state message cor- 
responding to the content analyzed at step S20 
through the telephone line interface 609, thereby 
making the external user aware that the control 
signal has been received and processed. 

Since the automatic communication control unit 
of the present invention facilitates control of the 
robot from a remote location, appropriate control is 
possible and the robot is effectively utilized. 

Next to be described is an auxiliary unit of the 
mobile monitoring device of the present invention, 
in the form of a trespasser detecting means which 
is mounted adjacent a window and detects a tres- 
passer coming through the window by ultrasonic 
detection. 

The detecting means according to this aspect 
of the invention uses a detector which rotates 
through a 180° angle through use of a magnetic 
drive to thereby detect a trespasser within a 1 80 * 
field of view and simultaneously make it possible to 
judge the "size" of the trespasser so that small 
items passing though the field of view (small ani- 
mals, etc.) may be ignored. 

In order to attain the above-described object, 
the trespasser detector includes a microprocessor, 
a memory for storing data detected by the ultra- 
sonic sensor, a magnetic coil for generating a 
magnetic force for rotating the ultrasonic sensor, a 
magnetic sensor for detecting the ultrasonic sensor 
as it rotates through a predetermined angle from a 
predetermined positional point, and a radio trans- 
mitter for communicating to the outside an ab- 
normal state as judged by the microprocessor. 

A preferred embodiment of the trespasser de- 
tector according to the present invention will be 
described in detail with reference to the accom- 
panying drawings. 

FIG. 20(a) is a side view of a device according 
to a preferred embodiment of the present invention. 
FIG. 20(b) is a front elevational view of FIG. 20(a), 
FIG. 20(c) is an exemplary diagram illustrating op- 
eration of the invention, and FIG. 20(d) is a flow 
chart illustrating an operating sequence. 

In FIGS. 20(a) to 20(d), reference numeral 700 
is the body of the trespasser detecting unit, and 
numeral 702 is an ultrasonic sensor for transmitting 
and receiving an ultrasonic wave, mounted at a 
sensor holding base 703. Holding pins 704 are 
respectively provided at predetermined positions of 
either side of the sensor holding base 703, and 
lubricated bearings 705 are respectively mounted 
at tip end portions of the holding pins 704 so that 
180° rotation of the ultrasonic sensor 702 is made 



to be free and smooth. 

Springs 706 are respectively attached to the 
lubricating bearings 705, and mounting nuts 707 
surround respectively the bearings 705 and springs 

5 706 whereby the ultrasonic sensor 702 is mounted 
on base 708. 

Reference numeral 710 is a magnetic coil 
which is attached to the .body 700 at a predeter- 
mined angle in order to generate rotational power 

70 for the ultrasonic sensor 702, which includes a 
magnet 709 attached to a bottom end of holding 
base 703, and enables the rotation of the ultrasonic 
sensor 702. At rest, the magnetic coil 710 and the 
magnet 709 are positioned so as to confront each 

75 other, as shown in sold lines. 

Reference numeral 711 is a magnetic sensor 
which is attached to body 700 at almost the same 
horizontal level as the center point of the ultrasonic 
sensor 702. The sensor 71 1 assures that the ultra- 

20 sonic sensor 702 does not exceed 180° in rota- 
tional extent. The sensor detects a field of the 
magnet 709 when rotating together with the ultra- 
sonic sensor 702 to thereby judge whether or not 
the ultrasonic sensor 702 rotates through a correct 

25 angle. 

At reference numeral 712 is a microprocessor; 
713, a memory for storing detected data while the 
ultrasonic sensor 702 is rotating; and 714, a radio 
transmitter for transmitting through antenna ANT a 

30 signal indicating an abnormal state as judged by 
the microprocessor 712 to, e.g., communication 
control unit 600. 

The input and output terminals of the ultrasonic 
sensor 702 are connected to the sensor holding 

35 base 703 through cables 716 and connected to the 
holding pins 704 and the mounting nuts 707 re- 
spectively and then connected to the microproces- 
sor 712 through the connectors 717. 

The operating sequence of the thus construct- 

40 ed trespasser detecting means will be described 
with reference to the flow chart of FIG. 20(d). 

When power is supplied to the magnetic coil 
710 at step S1 in order to operate the trespasser 
detecting means, at step S2 the ultrasonic sensor 

45 702 rotates counter-clockwise due to the repulsive 
force between the magnet 709 and the pulsed field 
generated by magnetic coil 710. At step S3 it is 
discriminated whether or not the sensor 702 swings 
back clockwise far enough for magnetic sensor 71 1 

50 to be turned ON. 

When the magnetic sensor 711 detects the 
magnetizing force of the magnet 709 to thereby 
become turned ON, the basic point at which the 
ultrasonic sensor 702 has rotated by 180" (90* in 

55 either direction from the starting point shown in 
dotted line) is determined. 

If the magnetic sensor 711 is not turned ON, 
flow returns to step S1 and pulsed power is con- 
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tinuously increased to the magnetic coil 710 until a 
magnetic force is generated so that the rotating 
force on the ultrasonic sensor 702 causes it to 
reach the 180° point Timing of energization of the 
coil is performed similarly as in FIGS. 8 and 9. 

As a result of the discrimination in step S3, 
when the magnetic sensor 711 is turned ON, since 
the sensor 702 has reached a rotational angle of 
180°, the magnetic force of the magnetic coil 710 
and timing of the energization is controlled by the 
microprocessor 712 so that this predetermined ro- 
tational force on the ultrasonic sensor 702 is main- 
tained. 

Subsequently, at step S4, the interval at which 
the magnetic sensor 71 1 is turned ON is detected. 
This interval is divided into a plurality of smaller 
intervals which correspond to given angular dis- 
placements of the sensor 702. In this manner, the 
timing of emission of ultrasonic pulses is deter- 
mined, so that plural pulses are emitted in each 
oscillating cycle of the sensor, as graphically de- 
picted in FIG. 20(c). At step S5, ultrasonic waves 
are emitted at the determined intervals from the 
ultrasonic sensor 702, which also receives the re- 
flected wave. 

At step S6, reference data of a state where no 
trespasser is present is stored in the memory 713 
by utilizing the received data of the reflected ultra- 
sonic wave, one set of data for each rotational 
interval when the ultrasonic sensor 702 is actuated. 
At step S7, the reference data stored in memory 
713 is compared with data subsequently input to 
the memory 713 for comparable rotational intervals. 
At step S8, whether or not there is any difference 
between the reference data and the detected data 
is determined. 

As a result of the comparison at step S8, if 
there is any error (difference) produced between 
the reference data and the detected data of the 
present state, a first judgment of an abnormal state 
is produced. At step S9, the magnitude of the 
trespassing object is determined by looking to the 
magnitude of the difference between the reference 
data and the present state detected data. A thresh- 
old value which will trigger an alarm is set, the 
value corresponding to a significantly large dif- 
ference. If this value is exceeded, flow proceeds to 
step SiO. If not, flow returns to step S5. 

At step S10 communication to the exterior 
through the radio transmitting section is performed, 
indicating that a trespasser has been found. This 
signal is received by the control unit 600, and 
further measures (alarms, telephoning to remote 
locations, etc.) are taken as previously discussed, 
and as discussed further below. 

The ultrasonic detecting means utilizing the 
ultrasonic sensor is thus made to judge whether or 
not a trespasser is detected, and the "magnitude" 



of the trespasser, by utilizing the data detected by 
the ultrasonic sensor as it rotates through 180*, 
whereby correct judgment is made possible, and 
errors prevented. 

5 Next will be described an emergency measure 

unit provided as part of the mobile monitoring 
system of the present invention. 

The emergency measure unit is designed to 
immediately take necessary emergency measures 

io in order to minimize loss or damage where there is 
detected a leakage of gas, a fire, or an intruder. 

According to invention, in order to attain this 
object, under the control of the microcomputer 
contained within the robot, in case of gas leakage, 

is a solenoid valve is operated and a door is opened 
by the driving of a motor, and a gas valve is shut 
whereby the gas leak is stopped and leaked gas to 
the exterior. When a trespasser is detected, an- 
other solenoid is operated and a shutter is closed 

20 at points of egress such that the trespasser cannot 
escape. 

A preferred embodiment of the emergency 
measure unit according to the invention will now be 
described in detail. 

25 The robot R of the mobile monitoring device 

according to this embodiment of the invention in- 
cludes the above-described driving system and 
ultrasonic sensor unit 29 which emits an ultrasonic 
wave and receives its reflected wave and thereby 

30 detects front-and back-side movement of a- phys- 
ical object; an infrared detecting sensor 34 which 
receives infrared radiation generated by a human 
body to detect right-and leftward movement of a 
physical object; a sound detecting sensor 35 which 

35 detects and discriminates breaking of glass or the 
crying or calling sound of a baby or the like; a fire 
detecting sensor 40 for detecting the break-out of 
fire; and a gas leakage detecting sensor 41 for 
detecting leakage of gas. Microcomputer 30 re- 

40 ceives these, detected signals and judges whether 
or not there is an abnormal state occurrence within 
the house or office and thereby controls the trans- 
mission of signals through its antenna to monitor 
M, automatic communication control means 600, 

45 and emergency measure unit 800. 

In the thus constructed mobile monitoring de- 
vice, when the microcomputer 30 receives a signal 
detected by the ultrasonic/infrared detecting sensor 
29, 34 and judges that there is a trespasser, a 

so transmitted signal from controller 32 is received at 
the receiving section 801 of an emergency mea- 
sure means 800 shown in FIG. 21(a), a solenoid 
valve 809 is operated and a motor 811 is driven 
whereby a shutter 812 provided at the doors or 

55 windows is shut to thereby prevent the trespasser 
from escape. Other measures may be taken to 
arrest the trespasser's movement, and of course 
the unit 600 is simultaneously activated to tele- 
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phone the police, etc. When a gas leakage is 
detected by the gas leakage detecting sensor 40, 
similarly to the above, a signal is transmitted from 
the transmission controller 32 and received at the 
receiving section 801 of the emergency measure 
means 800. Solenoid valve 804 is operated and 
gas valve 805 is shut. Simultaneously a signal is 
output to a door driving section 806 and another 
motor 807 is driven whereby a door 808 or window 
is opened. A signal for driving a fan motor driving 
section 802 may also be output whereby fan motor 
803 is driven so that the gas accumulated within a 
room can be exhausted to the exterior so as to 
prevent a break-out of fire. When there is a gas 
leak or trespasser, a warning lamp 814 mounted at 
the receiving section 801 is lighted and simulta- 
neously a buzzer 815 is sounded. Alternatively a 
recorded voice or a synthesized voice may be 
sounded to thereby inform the abnormal state to 
the outside. 

The operating sequence of the emergency 
measure unit will be described with reference to 
the flow charts shown in FIGS. 21(b) and 21(c). It 
should be understood that this procedure may pro- 
ceed in parallel with other measures described 
previously, such as the placing of an emergency 
telephone call, paging the monitor, etc. 

When the robot R is stopped, at step S1 a 
judgment is made as to whether or not any sound 
is detected. If not, continual execution of this func- 
tion is performed. At step S2, emission of the 
ultrasonic wave and reception of its reflection are 
performed, and simultaneously infrared rays gen- 
erated by a human body, etc. are detected by the 
ultrasonic/infrared detecting sensors 29, 4. At step 
S1 and at step S2, in case of detection of unusual 
sound and/or in case of detecting the front or 
backward movement of a trespasser and/or infrared 
rays generated by a human body, flow process to 
step S3 where judgment is made as to whether or 
not there is a trespasser. 

In the case when there is no trespasser, flow 
returns to step S1 and repeats the above operation. 
When there is a trespasser, flow proceeds to step 
S4 and a signal is issued from the output port 
PORT 8 of the microcomputer 30 to drive the 
transmission controller 32 to transmit a signal re- 
presenting the abnormal state through the antenna 
whereby the monitor M, automatic communication 
control means, and receiving section 801 are 
driven. The user who carries monitor M is thus 
informed and simultaneously, automatic dialing to a 
police station, fire station, etc. is carried out as 
discussed above. Simultaneously, at step S8 a 
warning lamp 814 and buzzer 815 are operated to 
generate a warning sound and inform the outside, 
under control of the receiving section 801 of the 
emergency measure unit 800. At any point after 53, 



the solenoid 809 may be operated to drive the 
motor driving section 810 to drive the motor 811 so 
as to drop the shutter 812 provided at the windows 
or doors to trap the trespasser and thereby mini- 

5 mize damage. Following these steps, the trespass- 
er watching function is terminated. 

Also in FIG. 21(b) are steps (S6, S7) which 
relate to the detection of a fire and/or smoke on the 
premises. These steps are the same as discussed 

70 in FIG. 2(d) at S17 and S18 and therefore do not 
require further explanation. 

In FIG. 21(c), the control process of gas leak 
detection is shown. The microcomputer 30 s in a 
state where the robot R is stopped, judges whether 

75 or not there is any gas leakage at step S13 as 
shown in FIG. 21(d), and in case of no gas leak, 
repeats step S13 and continuously judges whether 
or not there is a leak. If a gas leak is detected, a 
signal is input to the input port PORT 12 of the 

20 microcomputer 30, and the microcomputer 30 
judges that gas has leaked, and at step S14 and 
step S15, a signal is output from an output port of 
microcomputer 30 which drives the transmission 
controller 32 which in turn transmits a signal repre- 

25 senting that leakage of gas has occurred through 
the antenna, and drives the monitor M, the auto- 
matic communication control means, and the re- 
ceiving section 33, to inform the user who carries 
the monitor M and simultaneously automatically 

30 dial a police station, or other emergency number. 
At step S16 warning lamp 814 is lit and buzzer 815 
is operated to generate the warning sound. Si- 
multaneously, the signal from the output port of the 
microcomputer 30 and unit 32 is received at the 

35 receiving section 801, and at step S17 the solenoid 
804 operates and shuts the gas valve 805 to stop 
the leakage of gas. Proceeding to step S18, wheth- 
er or not the gas valve is shut is determined, and 
when the gas valve is not yet shut, return is made 

40 to step S17. In the case where the gas valve is 
shut, the solenoid 804 is operated to drive the door 
open driving section 806 and thus drive the motor 
in a direction to open a window or door 808. 
Thereafter, at step S20 and when the door 808 and 

45 the like has opened, the fan motor driving section 
802 is operated to drive the fan motor 803 to 
exhaust the gas to the exterior. 

When exhausting the leaked gas to the ex- 
terior, at step S21 the gas leakage detecting sensor 

50 41 continually detects whether or not there is any 
gas leakage within the room, and if the gas has all 
been exhausted, flow proceeds to step S22 and the 
door driving section 806 operates to drive the mo- 
tor reversely to shut the window or door 808. If gas 

55 is still present, flow returns to step S17 and leak- 
age stop and exhaust procedures are repeatedly 
executed. Although it is described above that in the 
case of a trespasser, a shutter is driven to seal the 
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room, the present invention is not limited to such 
operation and can include any necessary emer- 
gency measure. 

According to the robot safety monitoring device 
of the present invention, when a gas leak is de- 
tected, a solenoid shuts the gas opening/closing 
valve to thereby stop the gas leak and drives a 
motor to open a window or door and then drives a 
ventilation fan to ventilate the air. Thereafter, the 
window or door may be shut after the gas is 
exhausted. Suffocation by gas leakage or fire can 
thus be prevented. 

Although the above description describes a 
mobile monitoring device having first and second 
microcomputers within the robot, the present inven- 
tion is not limited to such a construction and, for 
instance, can be constructed so as to operate 
using only one microcomputer, without departing 
from the concept or scope of the invention. 

As described above, the present invention has 
several features and advantages associated there- 
with. In particular, by dialing a secret code number 
after dialing the telephone number of the house or 
office being monitored, even when the user is 
away, the mobile monitoring device can be op- 
erated remotely. Also, because cables are not re- 
quired, labor and installation costs associated with 
hard wiring are not required. In addition, since 
various detecting sensors are mounted within the 
robot, the unsightly features normally associated 
with a conventional home security control system, 
which mounts the detecting sensors at several lo- 
cations, are thereby avoided. Furthermore, since 
wiring of the detecting sensors is not required, 
there is no worry that any outside person or in- 
vader may cut such wiring or cut the power line to 
the sensors. The mobile monitoring device can be 
operated as desired by an authorized user. 

Claims 

1. A mobile monitoring device comprising: 

a self-propelled movable robot having a 
transmission controller, a receiver, and a plu- 
rality of sensing means, wherein said transmis- 
sion controller transmits a signal in response to 
the sensing of an abnormal condition by said 
plurality of sensors; 

monitoring means for receiving the signal 
transmitted by the transmission controller of 
said robot and alerting an authorized user 
when an abnormal condition is detected; and 

automatic communication control means 
for receiving the signal transmitted by the 
transmission controller of said robot, automati- 
cally dialing a predetermined telephone num- 
ber in response to said signal from the robot, 
and receiving commands through a telephone 



from an authorized user and transmitting said 
commands to the receiver of said robot for the 
purpose of controlling said robot. 

5 2. The mobile monitoring device of claim 1, 
wherein said robot further comprises; 

power supply means for supplying power 
to said robot and 

primary control means for directly receiv- 
70 ing control commands from an authorized user 

and remembering a secret code to thereby 
discriminate between authorized users and un- 
authorized users. 

15 3. The mobile monitoring device of claim 2, 
wherein said power supply means comprises a 
battery and a DC power charging detector for 
detecting said battery. 

20 4. The mobile monitoring device of claim 1, 
wherein said robot further comprises: 

a navigation system for emitting ultrasonic 
waves in a forward direction, and simulta- 
neously receiving reflected waves to thereby 

25 monitor a region of space, said navigation sys- 

tem producing a signal indicative of the region 
of space; and 

a first microcomputer for receiving said 
signal indicative of the region of space and 

30 determining in which direction the robot is to 

move. 

5. The mobile monitoring device of claim 4, 
wherein the navigation system comprises: 

35 field coil means driven by an oscillation 

pulse from the first microcomputer; 

an ultrasonic sensor driven by said field 
coil means; and 

a detection circuit for detecting whether 
40 the first microcomputer is operating properly. 

6. The mobile monitoring device of claim 5, 
wherein the ultrasonic sensor comprises: 

a transducer through which energy conver- 
ts sions occurs; 

and transmit-receive means for periodic 
generation and reception of signal energy con- 
verted by the transducer. 

50 7. The mobile monitoring device of claim 6, 
wherein said field coil means includes scan- 
ning drive means for magnetically imparting 
displacement forces to the transducer and a 
pulse generating means connected to the 

56 scanning drive means for producing said dis- 

placement forces. 

8. The mobile monitoring device of claim 7, 
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wherein said scanning drive means further in- 
cludes an armature connected to the trans- 
ducer in spaced offset relation to a electro- 
magnetic coil in the zero position of the trans- 
ducer, said displacement forces being mag- 
netically applied in alternatingly opposite direc- 
tions to the armature. 

9. The mobile monitoring device of claim 8, in- 
cluding stop means for limiting said displace- 
ment of the transducer from the zero position 
to a maximum sweep angle. 

10. The mobile monitoring device of claim 9, in- 
cluding position sensing means connected to 
the scanning drive means for detecting arrival 
of the transducer at the zero position during 
said scanning displacement thereof and adjust- 
able means for controllably varying the dis- 
placing forces in magnitude and phase to 
maintain said scanning displacement of the 
transducer through said sweep angle in re- 
sponse to said detection of the zero position. 

11. The mobile monitoring device of claim 5, 
wherein said detection circuit includes a pulse 
control means connected to the transmit- re- 
ceive means for regulating said periodic gen- 
eration of the signal energy in timed relation to 
said scanning displacement of the transducer. 

12. The mobile monitoring device of claim 4, 
wherein said robot further comprises: 

drive means for generating a drive force 
for moving in forward or reverse directions and 
steering; 

a faulty surface detecting means for judg- 
ing a bad condition of an underlying surface. 

13. The mobile monitoring device of claim 12, 
wherein said drive means comprises: 

a driving unit for propelling the robot for- 
ward and reversely; 

a steering unit for selectively changing the 
running direction. 

14. The mobile monitoring device of claim 13, 
wherein said driving unit is mounted on said 
steering unit. 

15. The mobile monitoring device of claim 12, 
wherein said steering unit is controlled by a 
steering control unit. 

16. The mobile monitoring device of claim 13, 
wherein said steering unit comprises a rotary 
disc supported by a sun gear. 



17. The mobile monitoring device of claim 11, 
wherein said faulty surface detecting means 
further comprises: 

a plurality of rollers arranged at a lower 
5 side of the robot; 

a plurality of levers respectively provided 
with one of said rollers at one end and mag- 
netic element at another end; and at least one 
drop sensor member for sensing the state of 
70 said underlying surface in response to a loca- 

tion change of one or more of said rollers. 

18. The mobile monitoring device of claim 17, 
wherein said drop sensor member further com- 

75 prises: 

a Hall element cell having a Hall element 
chip, said Hall element cell being arranged to 
confront said magnetic element when a cor- . 
responding one of said rollers drops below a 

20 predetermined level. 

19. The mobile monitoring device of claim 1, 
wherein said robot further comprises; 

an ultrasonic sensor for emitting ultrasonic 
25 waves and receiving reflected waves therefrom 

to detect movement of objects, an infrared ray 
detecting sensor for receiving infrared rays to 
thereby the presence of an infrared emitting 
object or movement thereof; 
30 a sound detecting sensor for detecting 

sound; 

a temperature sensor for detecting am- 
bient temperature; 

an ionization sensor for detecting the pres- 
35 ence of fire; and 

a second microcomputer for receiving an 
output from each of said sensors, for judging 
whether an abnormal condition has arisen, and 
driving the transmission controller when an ab- 
40 normal condition is judged to exist. 

20. The mobile monitoring device of claim 19, 
wherein said ultrasonic sensor member com- 
prises a pair of sensors for emitting ultrasonic 

45 waves and receiving reflections thereof. 

21. The mobile monitoring device of claim 1, 
wherein said robot further comprises: 

power supply means for supplying power 

50 to said robot; 

means for directly receiving control com- 
mands from an authorized user and for holding 
a secret code to thereby discriminate between 
authorized users and unauthorized users; 

55 a navigation system for emitting ultrasonic 

waves in a forward direction, and simulta- 
neously receiving reflected waves therefrom to 
thereby monitor a region of space, said naviga- 
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tion system producing a signal indicative of the 
region ot space; 

a first microcomputer for receiving said 
signal indicative of the region of space and 
determining in which direction the robot is to 
move; 

an ultrasonic sensor for emitting ultrasonic 
waves and receiving reflected waves thereof to 
detect movement of material objects, 

an infrared ray detecting sensor for receiv- 
ing infrared rays to thereby further detect the 
presence of or movement of infrared emitting 
material objects; 

an ionization sensor for detecting the pres- 
ence of fire; and 

a second microcomputer for receiving an 
output from each of said sensors, judging 
whether an abnormal condition has arisen, and 
driving the transmission controller when an ab- 



a speech synthesizing section for synthe- 
sizing and reproducing a speech-message in 
accordance with a sensed situation under con- 
trot ot said microprocessor; 

a radio transmitting section for transmitting 
a control signal to the robot in accordance with 
the telephone message received from the ex- 
ternal user; 

a display section for displaying the current 
state of the robot. 

25. The mobile monitoring device of claim 24, 
wherein said microprocessor is connected to a 



telephone line. 

26. The mobile monitoring device of claim 24, 
wherein said microprocessor is connected to a 

5 telephone line via the telephone tone generat- 

ing and sensing section. 

27. The mobile monitoring device of claim 24, 
wherein said microprocessor is connected to 

io the radio transmitting section and the radio 

receiving section. 

28. The mobile monitoring device of claim 24, 
wherein said microprocessor is connected to 

75 the key input section. 

29. A mobile monitoring device comprising: 
a self-propelled movable robot having a 

transmission controller, a receiver, and a plu- 
rality of sensing means, wherein said transmit- 
ting controller transmits a signal in response to 
the sensing of an abnormal condition by at 
least one of said plurality of sensors; 

monitoring means for receiving the signal 
transmitted by the transmission controller of 
said robot and alerting an authorized user 
when an abnormal condition is detected; 

automatic communication control means 
for receiving the signal transmitted by the 
transmission controller of said robot, automati- 
cally dialing a predetermined telephone num- 
ber in response to said signal from the robot, 
and receiving commands through a telephone 
from an authorized user and transmitting said 
commands to the receiver of said robot for the 
purpose of controlling said robot; and 

remote control means for remotely control- 
ling operations of said robot. 

30. The mobile monitoring device of claim 29, 
wherein said robot further comprises: 

a power supply for supplying power to 
said robot and 

a primary control for directly receiving 
control commands from an authorized user 
and holding a secret code to thereby discrimi- 
nate between authorized users and unauthoriz- 
ed users. 

so 31. The mobile monitoring device of claim 30, 
wherein said power supply comprises a battery 
and a DC power charging detector for detect- 
ing charging of said battery. 

55 32. The mobile monitoring device of claim 29, 
wherein said robot further comprises; 

a navigation system for emitting ultrasonic 
waves in a forward direction, and simulta- 



normal condition is judged to exist. 20 

22. The mobile monitoring device of claim 21 , 
further comprising a bus line from the first 
microcomputer to the second microcomputer 
for providing a communication link there- 25 
between. 

23. The mobile monitoring device of claim 22, 
further comprising a simulation terminal for de- 
termining whether the robot is operating prop- 30 
erly. 

24. The mobile monitoring device of claim 1, 
wherein said automatic communication control 
means comprises; 35 

a microprocessor; 

a key input section for inputting a program 
to said microprocessor; 

a radio receiving section for receiving an 
emergency sensing signal and a control signal 40 
from the robot; 

a telephone tone generating and sensing 
section for placing or sensing a call and for 
receiving a telephoned message from an exter- 
nal user; 45 
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neously receiving reflected waves therefrom to 
thereby monitor a region of space, said naviga- 
tion system producing a signal indicative of the 
region of space; and 

a first microcomputer for receiving said 5 
signal indicative of the region of movable 
space and determining in which direction the 
robot is to move. 

33. The mobile monitoring device of claim 32, to 
wherein said robot further comprises: 

a forward/reverse driving motor which is 
selectively rotated in a forward or reverse di- 
rection; 

a main caster rotationally responsive to 75 
said forward and reverse rotation of the motor; 

subcasters rotationally responsive to said 
main caster; 

at least one drop sensor for detecting dis- 
continuities in an underlying surface or floor; 20 

driving condition sensor means for detect- 
ing the rotation of said subcasters; 

a steering motor for directionally steering 
said robot in accordance with an output signal 
from said first microcomputer; 25 

a speed detecting sensor for detecting a 
rotational speed of said motor; and 

a steering direction sensor for detecting a 
steering angle. 

30 

34. The mobile monitoring device of claim 32, 
wherein the navigation system comprises: 

a field coil driven by an oscillation pulse 
from the first microcomputer; 

an ultrasonic sensor driven by said field as 
coil; and 

a detection circuit for detecting whether 
the first microcomputer is operating properly. 



35. The mobile monitoring device of claim 29, 
wherein said robot further comprises: 

an ultrasonic/infrared ray detecting sensor 
for emitting ultrasonic waves and receiving re- 
flected waves therefrom to detect movement of 
objects and for receiving infrared rays to there- 
by further detect the presence of or movement 
of infrared emitting objects; 

a sound detecting sensor for detecting 
sound; 

a temperature sensor for detecting am- 
bient temperature; 

an ionization sensor for detecting the pres- 
ence of fire; and 

a second microcomputer for receiving an 
output from each of said sensors, judging 
whether an abnormal condition has arisen, and 
driving the transmission controller when an ab- 
normal condition is judged to exist. 



36. The mobile monitoring device of claim 29, 
wherein said robot further comprises; 

power supply means for supplying power 
to said robot, 

control means for directly receiving control 
commands from an authorized user and for 
holding secret access code to thereby dis- 
criminate between authorized users and un- 
authorized users; 

a navigation system for emitting ultrasonic 
waves in a forward direction, and simulta- 
neously receiving reflected waves therefrom to 
thereby monitor a region of space, said naviga- 
tion system producing a signal indicative of the 
region of space; 

a first microcomputer for receiving said 
signal indicative of the region of space and 
determining in which direction the robot is to 
move; 

an ultrasonic sensor for emitting ultrasonic 
waves and receiving reflected waves therefrom 
to detect movement of objects; 

an infrared ray detecting sensor receiving 
infrared rays to thereby further detect the pres- 
ence of or movement of infrared sources; 

a sound detecting sensor for detecting 
sound; 

a temperature sensor for detecting am- 
bient temperature; 

an ionization sensor for detecting the pres- 
ence of fire; and 

a second microcomputer for receiving an 
output from each of said sensors, judging 
whether an abnormal condition has arisen, and 
driving the transmission controller when an ab- 
normal condition is judged to exist. 

37. The mobile monitoring device of claim 36, 
further comprising a bus line from the first 

40 microcomputer to the second microcomputer 

for providing a communications link there- 
between. 

38. The mobile monitoring device of claim 37, 
45 further comprising a simulation terminal for de- 
termining whether the robot is operating prop- 
erly. 

39. A mobile monitoring device comprising: 

50 a self-propelled movable robot having a 

transmission controller, a receiver, and a plu- 
rality of sensing means, wherein said transmis- 
sion controller transmits a signal in response to 
the sensing of an abnormal condition by at 

55 least one of sensing means; said 

monitoring means for receiving the signal 
transmitted by the transmission controller of 
said robot and alerting an authorized user 

30 
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when an abnormal condition is detected; 

automatic telephone transmitting means 
for receiving the signal transmitted by the 
transmission controller of said robot, automati- 
cally dialing a predetermined telephone num- 
ber in response to said signal from the robot, 
and for receiving commands through a tele- 
phone from an authorized user and transmit- 
ting said commands to the receiver of said 
robot for the purpose of controlling said robot; 
and 

trespasser detecting means for detecting 
entry of a trespasser by emitting an ultrasonic 
wave. 

40. The mobile monitoring device of claim 39, 
wherein said trespasser detecting means com- 
prises: 

a microprocessor; 

an ultrasonic sensor for transmitting and 
receiving an ultrasonic wave; 

a memory section for storing the data de- 
tected by said ultrasonic sensor; 

a magnetic coil for generating a magnetic 
force for rotating said ultrasonic sensor; 

a magnetic sensor for controlling rotation 
of said ultrasonic sensor through a predeter- 
mined angle from a predetermined positional 
point; and 

a radio transmitter for communicating an 
abnormal state according to a judgement of 
said microprocessor. 

41. The mobile monitoring device of claim 40, 
wherein said ultrasonic sensor is mounted to a 
body supporting base having a magnet at- 
tached at an end thereof. 

42. The mobile monitoring device of claim 41, 
wherein said body supporting base comprises 
a plurality of holding pins for supporting said 
ultrasonic sensor for free and smooth rotation, 
said holding pins being attached to either side 
of said sensor holding base. 

43. The mobile monitoring device of claim 42, 
wherein said body supporting base is sup- 
ported by mounting nuts, said mounting nuts 
holding a bearing and a spring. 

44. The mobile monitoring device of claim 40, 
wherein said ultrasonic sensor is connected to 
said microprocessor through a cable and the 
mounting nuts in which the bearing and the 
spring are inserted. 

45. A mobile monitoring device comprising: 

a self-propelled movable robot having a 



transmission controller, a receiver, and a plu- 
rality of sensors, said transmitting controller 
transmitting a signal in response to the sensing 
of an abnormal condition by at least one of 

5 said plurality of sensors; 

monitoring means for receiving the signal 
transmitted by the transmission controller of 
said robot and alerting an authorized user 
when an abnormal condition is detected; 

to automatic communication control means 

for receiving the signal transmitted by the 
transmission controller of said robot, automati- 
cally dialing a predetermined telephone num- 
ber in response to said signal from the robot, 

75 and receiving commands through a telephone 

from an authorized user and transmitting said 
commands to the receiver of said robot for the 
purpose of controlling said robot; and 

emergency measure means for command- 

20 ing and controlling necessary emergency mea- 

sures in order to minimize loss or damage in 
response to a detected emergency condition. 

46. The mobile monitoring device of claim 45. 
25 wherein said emergency measure means com- 

prises: 

a fan motor driving section; 
a gas valve control section; 
a door driver for enabling opening of a 
30 door or window; 

a shutter driver for driving a shutter to 
close an access opening; and 
an alarm section. 

35 47. The mobile monitoring device of claim 46, 
wherein said gas valve control section and said 
door driver are linked to a solenoid triggered 
upon detection of a gas leak by said monitor- 
ing device. 

40 

48. The mobile monitoring of claim 46, wherein 
said shutter driver is linked to a solenoid trig- 
gered upon detection of an intruder by said 
monitoring device. 
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© A mobile monitoring device for detecting a fire, 
gas leak, intruder, of other abnormal condition in a 
house or office, and for alerting a central monitor, 
fire station, police station, or an occupant who is 
away from the house or office. The mobile monitor- 
ing device comprises a self-propelled movable robot 
having sensors located thereon; a monitor for receiv- 
ing signals from the robot and alerting an authorized 
user accordingly; an automatic communication con- 
trol unit including a telephone transmitting unit for 
automatically calling an appropriate party in re- 
sponse to a signal from the robot and for transmit- 
ting commands to the robot from an authorized 



calling party; and an RF remote controller for re- 
motely controHing the robot. The robot is specifically 
capable of navigating throughout a house or office 
while using its sensors to detect abnormal con- 
ditions. In the event that an abnormal condition is 
detected, the robot initiates communications with the 
monitoring means and the automatic communication 
control unit to thereby alert an appropriate party of 
the existing abnormal condition. Commands can be 
provided to the robot either directly through a key- 
board on the robot itself, or remotely by way of the 
RF remote control means or the automatic commu- 
nication control means. 



CL 
LU 



Rank Xerox (UK) Business Services 

i3.OU/"J.0i>/-.;.3.«l 




2 



••> » d) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 91 12 0176 





DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to cUim 


CLASSIFICATION OF THE 
APPLICATION (lot. OS ) 


Y 


GB-A-2 053 516 (CHAMBERS) 

* abstract; figure 1 * 

* page 6, line 21 - line 36 * 

* page 7, line 57 - line 58 * 


1,29 


G08B25/01 
H04M11/04 
B25J9/00 
G08B25/10 


Y 


W0-A-8 800 747 (DENNING MOBILE ROBOTICS, 
INC.) 

* abstract; figure 1 * 

* page 7, line 20 - page 8, line 17 * 


39,45 




Y 


FR-A-2 551 240 (ARPHI) 


1,29,39, 
45 






* abstract; figures 1,2 * 

* page 2, line 17 - line 35 * 




A 


GB-A-2 182 634 (SIRIUS SPA.) 

* abstract; figure 6 * 

* page 3, line 2 - line 28 * 


1,46,47 




A 


US-A-4 748 654 (GRAY) 

* abstract; figure 1 * 

* column 3, line 30 - line 42 * 


45 








TECHNICAL FIELDS 
SEARCHED (lot. a.5 > 


A 
A 


US-A-4 857 912 (EVERETT ET AL.) 

* the whole document * 

US-A-4 932 831 (WHITE ET AL.) 

* the whole document * 




H04M 
G08B 
B25J 
G05D 


A 


US-A-4 636 137 (LEMELS0N) 
* the whole document * 






The present search report has beep drawn up for all claims 







Place of ecarcfc 

BERLIN 



D*m ct w^ldlM af IW Mart* 

17 DECEMBER 1993 



DANIELIDIS S. 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, hut published on, or 

after the Hllng date 
D : document dted in the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 



0 - * ~ • 



